CHAPTER 5
Rational Functions, Equations,
and Inequalities

Getting Started, pp. 246-247

1. Examine the coefficient for each term. To factor
each expression, you will need two factors of the
coefficient of the third term whose sum is the
coefficient of the second term. If the coefficient of

is —5 and whose product is (6)(—21) = —126.
The numbers are —14 and 9. These numbers are
used to decompose the middle term.

6x* — ldxy + 9xy — 21y°

= 2x(3x — 7y) + 3y(3x — 7y)

= (2x + 3y)(3x — 7y)

the first term is not 1, then you will have to consider 12 — 8
the factors of that coefficient too. If the expression 2. a) 4
doesn’t factor easily you can use the quadratic 4(3 - 2s)
formula. ST

2 P
a)x 3y — 10 =3 - 9
—5X2=-10:-5+2= -3 6mn®

Fil7H

(x = 5)(x + 2) b) o
b) 3x* + 12x — 15 mr
3(x* +4x = 5) = bmn(n)
SX=1==55+-1=4 6’?2”(3’”)
3(x +5)(x — 1) U andn £ 0
c¢) 16x> — 49 3m
Notice that this is the difference of two squares. 0 9x” — 12x” — 3
This means that the factored form of the expression 3x
will be (4x — 7)(4x + 7). B 3x(3x? — 4x — 1)
d)9x? — 12x + 4 - ke
Notice that the coefticients of the first and third terms =32 —dy — |
are squares. Since the coefficient of the second term v # 0
is negative, the factors of the coetficient of the third 25¢ ~ 10
term will also probably be negative.‘ The factored d) S(5x — 2’
form of the expression is (3x — 2)(3x — 2). 5(5¢ — 2)

2.2 ) =
)a +a—30 ) 5(5x — 2)(5x — 2)
This is a trinomial of the form ax~ + bx + ¢ where [
a # 0, and it has no common factor. The expression =T
can be factored using decomposition by finding two :" -
Qumbers whose sum is | and whose product is ‘F;KE
(3)}(—30) = —90. The numbers are —9 and 10. , ) X
These numbers are used to decompose the middle ) + 3v - 18
term. 9 -1

3a® —= 9a + 10a — 30

= 3a(a — 3) + 10(a — 3)

(a — 3)(3a + 1)

f) 6x° — Sxy — 21_\?3

This winomial can again be factored by
decomposition. Find two numbers whose sum
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{(x — 3)(x +06)
3= x)3 + )

—{3 = x){x +6)
(3 —x)(3+x)
X+ 6

34+ x

L E A3
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N a® + 4ab — 5b°
2a*> + Tab — 15b?

_ (a+5b)(a—1b)

"~ (2a - 3b)(a + 5b)

aa = 3b ¥
3 7
3 - X =
A5Xy
T 7
e Y —
5 3
_7
15
2 x?
AT

xz—4; x+ 2
x =3 12 — 4x
_(x—2)(x+2)x4(3—x)

¢)

x—3 . {(x +2)
_(x-2) _4B~x) o
= — X T Y-

X 7/3 1 )
4@ - =2)
- /x e

A 4 0 - 67

. 0
) /_3,
X+ =23

¥ +4xr P -S5x+6

) x* -1 x* = 3x
x}(x + 4) « (x=3Y(x—-2)
(r = D{x+ 1) xlx = 3)
X (x+ 4) « {(x —2)
- (x —D(x+1) X
_x{x + 4 (x —2)
Cox(x =D+ 1)
_xx4)(x - 2)
(- D(x+ 1)
ZW’X# __/LO‘/{’:}
x°—1
5-2

2 + 2y
x—5 x*—25

2 N y
x=5 (x=5x+)5)

:(iizx):s) - (x~5§v(x+5)

e)

B 2x + 10 %
TG AN -5 (xr—5)(x+5)
_ 2x+ 10+ y

C(x+35)(x—5)
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_2x+10 +y

(x> = 25)
X # 5 =5
£ — 6 - 8
a-— 9 +20 a - 2a— 15
B 6 8
(a—5)a—4) (a—-5(a+3)
3 <a +3 X 6 )
“\a+3/\(a—-5)(a—4)
= ases)
a—4/\{a—5a+3)
_ 6a + 18
~(a+3)(a—5)(a-4)
8a — 32
(a+3)(a-5)(a =3)
3 ~ 2a + 50 ’
(a+3)(a—5)(a=3)
et =345 -
5x 15
5. a) g 4
4(5x) = 8(15)
20x = 120
20x 120
20 20
x =6
b X N I 5
) 4 3 6
36 - (06) -
— — _+_ — — _—
3/\4 4/\3 6
3x 4 S
T e =
12 12 6
3x+4 5
12 6
6(3x + 4) = 12(5)
18 + 24 = 60
18x + 24 — 24 =60 — 24
18¢ = 36
18 3
1818
s 7

1010
5x
10
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POl B B b -

10x = 30
1x _ 30
10 10
x =3
x+1-2x—-1
d * = —1
) 2 73
G Q) -
3 2 2 3
3r~i~3;34x—2__1
6 6 _
-
Fe+1 1
Ny
6( g >=6(—1)
R by M = ——6 “
s s W S 8 -7
zx — —!2 !'.«:(r.‘&w
e _ 12
T 7
12
L e
7
6 Aay
4 yz}_(
2~
3
42 2 4
~4
A 4

The graph has vertical and horizontal asymptotes
that follow the corresponding axis. The domain of
the function is {x € R|x # 0}; the range of the
function is {y e Rly # 0}.

R I
7. a) f(k) = ‘\“;—%

The function is translated 3 units to the left.
y

3
b A




by fx) = —2— _Gy+2)By-2)  (By+2)By+2)

x =1 A -3 T 6B-y)
The graph has a vertical stretch by a factor of 2 and ~ _ By +2)(3y — 2) « 6(3 —y)
a horizontal translation 1 unit to the right. 4(y ~ 3) 3y +2)(3y +2)
a1 _ Gy -2y —3)
6 2(y = 3)(3y +2)
N _ 3%y -2)
= x 2(3y + 2)
~8—6-—4—;2 24 6 8
41 : - :
el 5.1 Graphs of Rec:proca!
el Functions, pp. 254-257
0) flx) = _L _3 1. Graph each function and compare to the given
graphs.
The graph has a reflection in the x-axis, vertical a) %
compression by a factor of £, and a vertical 4-
translation 3 units down. 2
8‘ky‘ : < T i T td
‘ -4 -2 4
6 —29
4 ~4
2
: X
8-6-4-2 12 4 6.8 This is the graph of y = .C
] 2x — 5
~6 . b) Y
8 4
A 2._
2 X
d) f(’() = ‘_—3*6:‘-_7) + 1 \_4 _2_2— T :
The graph has a reflection in the x-axis, a vertical 4]
compression by a factor of 3, horizontal translation
2 units right, and a vertical translation | unit up. 1
. ¥ This is the graph of y = Wl— A
6 ¢) Y
4 4
2 g ]
g ’ X
~8 ~6 —4 '-2_2‘ 2{ 4 68 _4 2| \ 4 i &
-4 -2
—64 —4
-84
This is the graph of y = x> — 1. D
8. Factor the expressions in the numerator and the d) 1z
denominator. Simplify each expression as necessary. 44
Multiply the first expression by the reciprocal of the 2+
second. 5T 5
9’ —4 9P+ 12y +4 -4 =250 4
4y-12 18 — 6y -4
¥

This is the graph of y = 2x — 5. F
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e) N

e

A

This is the graph of y = 21 B
f) : Ny
. 4.4

X

“)* _5_20_ : ‘;'
_4._

This is the graphof y = —(x — 2)* = LL.E

A and E are reciprocals. B and D are reciprocals.
C and F are reciprocals.

2. The zeros of a function occur when f(x) = 0.

a)f(x) = x —6
O0=x—256
6=x |
The vertical asymptote of g(x) = occurs
(x = 6)
atx = 6.
b) f(x) =3x + 4
0=3¢+4
0~-4=3x
4
—— =X
D
The vertical asymptote of g(x) = (3x i 5 occurs

4
at x = —x

o) flx) =x>—2¢x— 15

0=x>—=2x—15

0= (x=5x+3)

0= (x —3and0 = (x + 3)
0+S=x—-5+5and0—-3=x+3-3
5 = xand —3 = x. The vertical asymptotes of

glx) = T—%—T occurat x = Sandx = —3.
X — ZX — >
d) f(x) = 4x? - 25
0=4x? - 25
0= (2x +5)(2x - 35)
0= (2x +5)yand 0= (2x — 5)
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25 2
= Zandl =2

-5
2 257

> = x and —i =x
The vertical asymptotes of g(x) = e Iﬁ 55 oceur
atx = —3and x = 3.
e)f(x) =x"+4
0=x>+4
— 4 =¥

There are no real solutions to —4 = x>. Therefore,

there are no asymptotes for the function
£) f(x) =2x + 5x + 3
=2+ 5x+3
0= (2x+3)(x+ 1)
0=(2x+3and0=(x + 1)
x=-15andxy = —1

2
X7

The asymptotes tor g(x) =
x = —15and —-1.

3. a) Graph the function f(x) = 5 — x. The
y-intercept is (0, 5) and the x-intercept is (5, 0).
Let g(x) be the reciprocal function.

Yy

|
(2 1 5 + 3) real

The zero of f(x) is x = 5 and so that is where g(x)
will have a vertical asymptote.
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f(x) is positive on (—2, 5), negative on (5, «),

and always decreasing. Therefore, g(x) positive on
(=2, 5), negative on (5, =), and always increasing.
f(x) = 1 at4 and —1 at 6. The points of intersection
for f(x) and g(x) will be at (1, 4) and (-1, 6).

b) Graph f(x) = x* — 6x. The x-intercepts are at
x = 0 and x = 6. The minimum occurs at (3, —9).
Let g(x) be the reciprocal function.

34

f(x) is positive on (—«, 0) and (6, «) and negative
on (0, 6). It is decreasing on (—=, 3) and increasing
on (3, =). Therefore, g(x) is positive on (—2¢, 0)
and (6, =) and negative on (0, 6). g(x) is increasing
on {—=,3) and decreasing on (3, ). There are
vertical asymptotes at x = () and 6.

5-6

BoSTIEG P —pe TIUTET
| ~8-6-4 -7

flx)=latx==61and —02. f(x) = ~latx = 5.8
and 0.2. These will be points of intersection for f(x)
and g{(x).

4. a) Complete the table with the reciprocals of the
values of f(x).

x |—4}-3{-2i-1] 0111213 4 51 6] 7
)| 1611411211086 |42 0 |-2{-4]-6
JELIS [ O L L A LS A L L R IO
O3 16114112110} 8 | 6 | 4 | 2 |defined] 2} 4| &6
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¢) The first differences in the values of f(x) are a
constant, — 2, so the function is linear. Since the
y-intercept is 8, the equation for the function is

y = —2x + 8. The equation for the reciprocal

, . 1
function s y = e
— X

1 .
S5.a)y= 5o vertical asymptote at x = 0

.
A

byy = ot vertical asymptote at x = —35
|
|
c)y = x i — vertical asymptote at x = 4
L
; 1
dyy = e S vertical asymptote at x = —3
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e)y = L. rtical tote at x = 2
y = T3 o vertical asymptote at x =

1 .
fy= I vertical asymptote at x = 3
G Ty
x? = 3x — 10 = (x — 5)(x + 2), so the vertical
asymptotes are at x = —2and x = 5.

| .

[ 1

1
hy=-——"7—
)y 32 —4x — 4
3x? — 4x — 4 = (x — 2)(3x + 2), so the vertical
asymptotes are at x = —fand x = 2.

. N

=

6. ) f(x) = —x — 1, so the reciprocal function is
1

y=-

x+ U

>

8-6-4-297 4 6 8
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b) f(x) = 3| x| — 2, so the reciprocal function is For the reciprocal function: D = {xeR|x # 3},
v___l R = {yeRly # 0}
Tk -2 b) [ > S
y=3x+4
| X
O T T T H ”’
9 2468
N
Y

For the reciprocal function: D = {xeR|x # —3}
R = {yeR]y # 0}

k]

8.a) - Y
) 8_
y 6‘ = f
y= flx)
81 4
6 , ]
4- PR 5
o2 -8 =6 —4 7 4 6 8
: X . ;
T T T T T T ’ . )/:"L
-6 -4 —2_20_ 2 4 6 B lx)
. . b) y
d) f(x) = 2|{x + 1}, so the reciprocal function is
1
T
X
4 6 8
-1
; H T y= f(X)
-8 ~6
7. a) ¢) ;
| y=f(x)
va y: 2)(" 5 ; T T T T O e T 1 T i
-8 -6 ~4 —2 -*8—6—4-—2_2_ 2 4 6 8
_4-
-6 -1
— y_
7 o] |
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9. a) The domain and range of f(x) are all real
numbers because x is a linear polynomial. Also,
because f(x) is a linear polynomial with a positive
slope, it is always increasing. The y-intercept is
2(0) + 8 = &. The x-intercept is

0=2x+ 8
-8 = 2x
4=y

The v-intercept is (0, 8) and v-intercept is (—4,0).
Use the x-intercept to determine the intervals upon
which the function is negative and positive. Because
the function is always increasing. the function is
negative on ( —*, —4) and positive on { —4. +%).

1 : e
glx) = s so the reciprocal of f{x) is S
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b} The domain and range of f(x) are all real numbers
because x is a linear polynomial. Also, because f{x) is
a linear polynomial with a negative slope, it is always
decreasing. The y-intercept is —4(0) — 3 = —3.
The x-intercept is

0= —4x -3
3= —~4x
3_
—Z—x

The y-intercept is (0, —3) and x-intercept is {—3, 0).
Use the x-intercept to determine the intervals upon
which the function is negative and positive. Because
the function is always decreasing, the function is
positive on (—=, —2) and negative on (—3, =).

glx)y = )ﬁ so the reciprocal of f(x) is —

4y — 3
¥4
&
\4 ] y=_T4l;:§~
y ' X
ISy o S
- _Y=-,—4x—3

¢) The y-intercept is f(0) = 0 — 0 — 12 = 12. The
x-intercepts are:
flxy=x"—x—-12
0=x—x—12
0=(x—4)(x+3)
0=(x—4)yand0 = (x + 3)
The x-intercepts are 4 and — 3. The vertex is at 0.5.
f(0.5) = (0.5)* — (0.5) — 12
=025 -05-12
= —12.25
The leading coefticient of the function is positive and
so the function opens up; the vertex (0.5, —12.25) 1s
a local minimum. The domain 15 all real numbers and
the range is all real numbers greater than —12.25. The
function is decreasing on (==, 0.5) and increasing
on (0.5, =). The function is positive on (=%, —3)
and on (4, = ). The function is negative on (= 3. 4).

I . . . 1
glx) = S so the reciprocal of f(x) 15 [E——
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y=x2-x-12
d) The y-intercept is —2(0)? + 10(0) — 12. The
x-intercepts are:

flx) = —=2x* + 10x — 12

0=—-2x>+ 10x - 12

0=-2(x*—-5x + 6)

0=-2(x-3)(x—-2)

0  —2(x-3)(x-2)
-2 -2
0=(x—3){x~-2)
0=(x-3)and0= (x — 2)
x=3andx =2
The vertex occurs at x = 2.5.
f(2.5) = —2(2.5)* + 10(2.5) — 12
~125 +25-12
=0.5
The vertex is at (2.5, 0.5). Because the leading
coefficient is negative, the vertex is a local
maximum. This means that f(x) is increasing on
(—=,2.5) and decreasing on (2.5, = ). The domain
of f(x) is all real pumbers and the range is all
numbers less than*2:3. The function is negative on
(—2=,2) and (3, «) and positive on (2, 3).

) ——
85
b
-2x% + 10x — 12

. 1
Y 53T ox 12

44 Y U
2_
oo, X

50T TY: 3Y4
-2 g
b

y=-2x2+10x 12

li

so the reciprocal of f(x) is

5-10

10. Answers may vary. For example: A reciprocal
function creates a vertical asymptote when the
denominator is equal to O for a specific value of x.

Consider For this expression, there is

ax + b b
always some value of x that is — that will result

a
in a vertical asymptote for the function. This is a

graphof y = P and the vertical asymptote is
atx = —3,
S X
g g T
. . 1
Consider the function 3 =4y The graph

of the quadratic function in the denominator crosses
the x-axis at 3 and 4 and therefore will have vertical
asymptotes at 3 and 4 in the graph of the reciprocal
function.

Y

L o

Y

However, a quadratic function, such as x? + ¢,
which fas no real zeros, will not have a vertical
asymptote in the graph of its reciprocal function.

For example, this is the graph of y = R

Chapter 5: Rational Functions, Equations, and Inequalities



201

]‘5_

‘ 1.0+

k_/gé- X
20 -10 9 10 20
~057 ‘

~101

_15_

~2.01

11. There are vertical asymptotes at x = — 1 and
x = 1, so the denominator is (x + 1){(x — 1) or
x? =1

_k
Y -1
Since (0, —3) is on the graph,
~3=0_ 1,ork:S.
3

The equation is y = —
X7

il

-1

12. a) Substitute 20 into the formula to find the

number of bacteria that will be left after 20 seconds.

]
b(1) = 10000 —
1

) =
b(20) = 10000

b(20) = 500

There will be 500 bacteria after 20 seconds.

b) Find the time f for which there will be 5000
bacteria left.

5000 = 10 ()()O}

5000 | 1
0000 10000 10000 > =
11
27
2=1

¢) Determine the ttme at which there will be only
I bacteria left.

I
1 =10 ()()()7
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1 |

10000~ 10000 10000
L1

10000 ¢

10000 = ¢

d) If you were to use a value of r that was less
than one, the equation would tell you that the
number of bacteria was increasing as opposed to
decreasing. Also, atter time ¢ = 10 000 the formula
indicates that there is a smaller and smaller
fraction of 1 bacteria left.

¢) Because the time less than | second and greater
than 10 000 is inaccurate, the domain should be
(beR|1 < & < 10 000}. Because you cannot have a
negative number of bacteria and because there are
10 000 bacteria at the beginning of the trial, the
range should be {be R|1 < b< 10 000}.

13. a) Think of the general shape of the reciprocal
of a linear function—it will have a horizontal and a
vertical asymptote.

8y

i
z—&\~mx
X

40 2 4

The vertical asymptote occurs when the original
fanction is equal to 0.
O0=x+n-mn

0-n=x+n-—-n

—n=x
Because there is a vertical asymptote at x = —n,
the domain does not include —#.
Domain = {xeR|x # —n}.
Examine the end behaviours of the function to find
the vertical asymptote. As x — =, g{(x) will get closer
and closer to 0 because no matter how small » is
x + n will always get closer to . The same holds
true for g(x) as v —> —=. Range = {veR|y # 0}.
b) The vertical asymptote occurs at x = — .
Changes in n in the f(x) family cause changes in the
v-intercept—an increase in 71 causes the intercept to
move up the v-axis and a decrease causes it to move
down the y-axis. Changes in 2 in the g(x) family
cause changes in the vertical asymptote of the
function——an increase in i causes the asymptote to
move down the v-axis and a decrease in 1 causes it
to move up the x-axis.
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¢) The functions will intersect when f(x) = g(x).

1
x+n=
x+n
1
(x + n)(x + n) = ———(x + n)
x+n
(x +n)> =1
Vi war = Vi
x+rn=1lorx+n=-1
x=1—-norx=—-1-n

The functions intersectatx = 1 ~ nandx = —1—n.
14. Answers may vary. For example: 1) Determine
the zero(s) of the function f(x)—these will be the
asymptote(s) for the reciprocal function g(x).

2) Determine where the function f(x) is positive and
where it is negative—the reciprocal function g(x)
will have the same characteristics. 3) Determine
where the function f(x) is increasing and where it is
decreasing—the reciprocal function g(x) will have
opposite characteristics.

15. Use a series of tables to help you graph the
functions.

a) L
Y=
X b4
100
1 5
25
_11; 4
|
a 1
)
1
g —
3
16 !
4
y
10+
8-
6<
4 ¢
-1
2
o0 4 8 1 1
5-12

b)

1
y¥=3
X y
1
_1 —g
2
-1 ~27
3
1 8
2
1 1
2
4
X
-4 -3-2
<) 4
y=5
x y
-3 8
-2 4
-1 -2
1 1
2
5 i
14
3 1
8
4 n
16
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1
s
I X
1] A h
2 3 4
d) o
= sin'x
x y
—360° undefined
-270° 1
—180° undefined
-90° -1
0° undefined
45° V2
90° 1
135° V2
180° undefined
225° -2
J\y
8_
t 6 1 i
i il i H
X S X i
t P24 l ;
H H H E
H i i t
] T 1 T
60" ~180pe0
i H
H 1
H s
t {]
-6
-8
) 4

16. The graph looks like the graph of f{x) =

but translated 4 units to the left and 1 unit down
Therefore, the equation of the function shown in the

—

graphis v = T

5.2 Exploring Quotients of Polynomial
Functions, p. 262

-1
LajAiy=—
R
and the xeuproca function has a vertical asymptote
at x = 3. The function is positive for ¥ < 3 and
negative for x > 3.

|

- The function has a zero at 3

.._q,)

Advanced Functions Solutions Manual

o
byC,y = —— The function in the numerator
J

factors to (x + 3){(x — 3). (x — 3) factors out of
both the numerator and the denominator. The
equation simplifies to y = (x + 3), but has a hole
atx = 3.

gl y= ; The function in the denominator

1
(x + 3y
has a zero at x = —3, so there is a vertical asymptote
atx = —3. The function is always positive.

d)D;y= ; The function in the

X
(x = D)(x+3)
denominator has zeros at y = L and y = —3. The
rational function has vertical asymptotes at x = 1
and x = —3.

i . .
e)B;y= g The function has no zeros and
X~

no vertical asymptotes or holes.
HE y=

has a zero at x = 3 and the rational function has a
vertical asymptote at x = 3. The degree of the
numerator is exactly | more than the degree

of the denominator, so the graph has an oblique
asymptote.

2. Use the graph of each equation to find the
equations of any vertical asymptotes, the location
of any holes, and the existence of any horizontal
or oblique asymptotes.

The function in the denominator

a) 14
4
3_<
2_
14
~20-15-10-5 J| 5 10 15 20
vertical asymptote at v = —4: horizontal asymptote
aty = |
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b) Y ) ) vertical asymptotes at x = —3 and 5; horizontal
' asymptote at y = 0
1
P ’ 3 . ¥
220-15-10-5] 510 15 20
X
11‘21[6
vertical asymptote at x = —3; horizontal asymptote
aty =0
¢) 7 vertical asymptote at x = —1; horizontal asymptote
751 aty = -1
g ; Y
5.0 ; 44
25- 2
X 27
-24 -16 -8 O\ 8 16 24 o | x
25 S3aa9 131340
5.0 PR L
751 =3
—4-
vertical asymptote at x = 6; horizontal asymptote
ny:?} P ' ymp holeatx = 2
[e ¥ L h} ‘ ‘
d) Y 754
3+ :
2 o 5.0-
H X
I I R
__.2_
-3
holeatx = -3
e) A AV A Ll
8_
6 vertical asymptote at x = 3; horizontal asymptote at
4- y=-2
2_
< _ £
~8-6-4{2 1 2 4)6 8
-4 4
._6,
__8_
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l) A&y‘
751
501 T
e N X
24 -6 -8 O 8 16 24
~2.51 et
-5.0{ -
754
e
vertical asymptote at x = —3; horizontal asymptote
aty =1
i)
) X
T 24 -16 -8 24
—2.54
5.0+
—7.5
vertical asymptote at x = 4; hole at x = —4;
horizontal asymptote at y = 0
k) 57
2.0
1.5
104
0.5+ \
$ 4
- T —l O T H Cd
0 -5 _ ) 5 10
~1.04
—1.54
—2.0
%

vertical asymptote at x = 3 horizontal asymptote at
!
y=:
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D

vertical asymptote at x = 4; horizontal asymptote
aty = =3
3. a) The graph of the rational function has a hole at
x = 1. This means that {x — 1) must be a factor in
both the numerator and the denominator of the
function. Answers may vary. For example:

x—1
x?+x -2
b) The graph of the rational function has a vertical
asymptote anywhere. This means that the polynomial
that makes up the denominator must have a zero. The
graph of the function also has a horizontal asymptote
along the x-axis. This means that the numerator of
the function must be a constant and the denominator
must be a polynomial. Answers may vary. For

y:

example:
1
r= x2—4
¢) The graph of the rational function has a hole at
x = —2.This means that (x + 2) is a factor in both

the numerator and the denominator. The graph also
has a vertical asymptote at x = 1. This means that the
ratio between the leading terms of the polynomials in
the numerator and denominator must be 1. Answers
may vary. For example:

_ ' —4
Y T 12
d) The graph has a vertical asymptote at v = — L.

This means that (x + 1) must be a factor in the
denominator of the rational function. The graph also
has a horizontal asymptote at v = 2. This means
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that the ratio between the leading coefficients of the
numerator and the denominator must be 2. Answers
may vary. For example:

2x
x+1
e) The graph of the function has an oblique
asymptote. This means that the degree of the
polynomial in the numerator must be one greater
than that of the denominator. The rational function
also has no vertical asymptote. This means that the
polynomial in the numerator must have no real
zeros. Answers may vary. For example:

x?

x> +5

y:

y:

5.3 Graphs of Rational Functions of

. ax+b .
the Form f(x) = —~+ g PP 272--{2’7:4 “
1. a) The rational function A(x) = :;( +45 would

have a vertical asymptote at the point where the
function in the denominator has a zero.

2c+5=0
2Xx+5-5=0-5
2x = =5
2x =5
2 2
x=—25
The function has a vertical asymptote at x = —2.5.
This is graph A.
Y
6._
4_
2_
-6-4%20] 2 4 ¢
...2._
_..4_
_6_

26 — 4
b) The rational function h(x) = —x‘“;‘ has x -~ 2
X — 4

as a factor of both the numerator and the
denominator. This means that the function has a
hole at x = 2. This is graph C.

5-16

¢) The rational function 4(x) = fj would have a

vertical asymptote at the point where the function in
the denominator has a zero.

x—=1=0
x—-1+1=0+1
x=1

The function has a vertical asymptote at x = 1. This
is graph D.

Qv — 3

d) The rational function A{x) = ; - W would have

a vertical asymptote at the point where the function
in the denominator has a zero.

x+2=0
x+2-2=0-2
x=-=2
The function has a vertical asymptote at x = —2.
This is graph B.
4
6-
4_
2 g
5
-6 -4Y\2 20_ 2 4 6
_4.‘
-6
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2. a) The rational function f(x) =

will have a
x - 2

vertical asymptote at the point where the function in

the denominator has a zero.

x—2=0
x—2+2=0+72
x =2

The equation has a vertical asymptote at x = 2.
b) Use a table to examine the values of f(x) as
x — 2. Use small increments between values of x.

x x)
2.25 12
2.10 30
1.90 - 30
1.75 —12
1.5 -6
1 -3

As x approaches 2 from the right, the values of f{x)
get larger. As x approaches 2 from the left, the values
become larger in magnitude but are negative.

¢) As x — =zo, the value of f(x) approaches

J
—or0.
d) Use a table to examine the values of f(x) as x

approaches . Use large increments between
values of x.

x )
5000 0.000 600 24
2500 0.001 200 961
250 0.012 096 774
—250 —0.011904 762
—2500 —0.001 199 041
-5000 -0.000 59976

As x grows larger. f(x) gets closer and closer to 0.
e} The domain is all real numbers except for 3 and
the range is all real numbers except for O.

l
=2
is always positive. A positive number divided by a
positive number is always positive. When x — 2 is

f) Examine the equation y = The numerator

.. 2 - .. ..
positive, y = 5 will be positive. A positive

number divided by a negative number is always

negative. When x — 2 is negative, y = — will

=2

be negative.
x—=2>0
x—=2+4+2>0+2
x> 2

Advanced Functions Solutions Manual

-

1s positive. When x << 2

L=y

Whenx > 2,y =
- x =2

”

_ 3
y==

g) Y
~8..

5 1s negative.

|
o
|
ol
|
PN 5
i
1N
:
N._.
g
O ~

—4
__6_ k
....8._

. . . d¢ — 3
3. a) The rational function f{x) = %_TJ will have

:
T

a vertical asymptote at the point where the function
in the denominator has a zero.

x+1=0
x+1=-1=0-1
x=—1
The equation has a vertical asymptote at x = — 1.

b) Use a table to examine the values of f{x) as x
approaches 2. Use small increments between values
of x.

X j{#%9]
-0.1 —3.777 777778
-0.5 - 10
-0.75 —~24
—-1.25 32
-15 18

As x — — 1 from the left, y — =.
As x — — | from the right, y — — =,
¢) The equation of the horizontal asymptote can be
found by dividing the leading coefficients of the
equation in the numerator and the denominator.
4x
y=—=4
X
The equation of the horizontal asymptote 1s vy = 4.
d) Use a table to examine the values of f{x) as y
approaches = and —=. Use large increments
between values of x.

X f(x)
5000 3.998 600 28
2500 3997 201 12
250 3872 111554
-250 4028 112 45
~ 2500 4.002 301 12
- 5000 4.001 400 28

As x — F=_ f{x) gets closer and closer to 4.
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e)D = {xeR|x # ~1}
R={yeR|y#4}

f) Use a table to help you determine the positive

and negative intervals.

2x + 1
2x — 1

The equation of the vertical asymptote of y =
isx =3

When x = 049,y = —99.Soas x =3, y — —% on
the left.

When x = 0.51,y = 101. So as x — 3, y — ® on the
right.

x< -1 -1<:-r<fl 1 xs2

4.~ 3 - -
x+ 1 - +
4x -3

+ —
X+:1
g) y

2

<

~24-18-12-6 9 6 12 18 24 X

4. The vertical asymptote of a rational function can
be found by finding the zero(s) of the denominator.

2

3) y*x+3
x+3=90

x+3-3=0-3
x = -3

. . 2
The equation of the vertical asymptote of y = ———
. N x
ISX = —o5.

Whenxy = —3.1,y=-20.S0asx—» ~3, y—» —
on the left.
Whenxy = —-29,y =20.Soasx— —3,y > = on
the right.
x -1

b y= x =35
x—5=0

x =15

x—1

The equation of the vertical asymptote of y =

ey =5

Whenx =49,y = -39.Soasx—S5,y— —xon
the left.
When x = 5.1,y = 41.So as x — 5, y — @ on the
right.
2x + 1
¢) =
2x =1
2x—-1+1=0+1
2x =1
1
X = )
5-18

3x +9
9 YT ax + 1
dx+1-1=0-1
4x = —1
1
Ty
The equation of the vertical asymptote of y = %{}%

isx = —ﬁ.

When x = —0.26,y = —205.5. So as x — —3,

y — — = on the left.

Whenx = —0.24,y = 207.Soas x — —5, y — =
on the right.

.. 3
5. a) The 3funct10n is f(x) = s
fx) = s will have a vertical asymptote at x = —5.

The horizontal asymptote will be y = 0. Therefore, the
domain will be {xe R|x # —5}. The range will be
{yeR|y # 0}. Because the horizontal asymptote is
y = 0, there is no x-intercept. Substitute 0 for x to find
the y-intercept.

3 3
0+5 S
The y-intercept is 2. Use a table to determine the
positive and negative intervals.

x< =5 x> -5
3 + +
X+5 - +
3
- +
X+ 5

f(x) is negative on (—%, ~5) and positive on { — 3, =),
The graph of the function is:

1y

X
>

—24-18-12§ 0] 6 12 18 24

—D4-
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Examine the graph to determine where the function is
increasing or decreasing. The function is decreasing
on (—=, —5) and on (—35, =). The function is never

increasing.
b) The function is -
2x =5
10 . .
flx) = 5 i will have a vertical asymptote at
LX 3

x = 3. The horizontal asymptote will be y = 0.
Therefore, the domain will be {x e R |x # 3} and

the range will be {ye R |y # 0}. Because the
horizontal asymptote is y = 0, there is no x-intercept.
Substitute 0 for x to find the y-intercept.

10
2(0) =5
The y intercept is —2. Use a table to determine the
positive and negative intervals.

x<z= x>§
2 2
10 + +
2x~5 - +
10
- +
2¢-5

f(x) is negative on {—=,3) and positive on (3, =).
The graph of the function is:

y
24-

18-
12
6_

X
>

6 1218 24

~24-18-12-6 )
__]2_
_]Sﬂ
__24_

Examine the graph to determine where the function is
increasing or decreasing. The function is decreasing
on (==.3) and on (3, ). The function is never
increasing.

A

ER.

¢) The function is f{x) =
B e T .

flxy = PR will have a vertical asymptote at x = 1.
+U —

The horizontal asymptote will be v = & Therefore. the

domain will be {xeR |x # 11 and the range will be

{[yeRy # i},

Substitute 0 for v to find the x-intercept.

Advanced Functions Solutions Manual

x+5
0= 4x — 1
(4r — 1) X 0 = (4c — 1) X —2
4x — 1
0=x+5
=5y =x
The x-intercept is x = —5.
Substitute O for x to find the y-intercept.
0+5
40) -1

The y-intercept is — 1.
Use a table to determine the positive and negative
intervals.

1 1
<=5 S <= >
X x 2 X 2
x+5 - + +
4x —1 — - +
xX+5
T - T
4x -1

f(x) is positive on (—22,—5) and (}, ), and negative

on (—3.4).
The graph of the function is:

v

Examine the graph to determine where the function is
increasing or decreasing. The function is decreasing
on (==, 4) and on (4. ). The function is never
increasing.

d) The function is f(x) = = The function

S{y + 2)
has the factor (x + 2) in both the numerator and
the denominator.

Examine the function. For any value of x, f{x) will
always be . Because the function in the denominator
will have zero at ¥ = — 2. f(x) will have a hole at
—2.The domainis {xeR|x # —2}. The

range is {\ = 1} The y-intercept is v = L There is
no x-intercept. The function will always be positive.

X =
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The graph of the function is:
Y

The function ts neither increasing nor decreasing;
it is constant.
6. a) Answers may vary. For example:

flx) = —

x+2

= SR

4

8

x
x +2

b} Answers may vary. For example: f(x) =

Yy
8-
6
4
74
-8 -6 -4 2

44

£ ]
<

is_

¢) Answers may vary. For example:
x—3
X

flx) = 5

This has a hole at x = 3 and a y-intercept of 0.5.

5-20

d) Answers may vary.

For example:

1
=500
4 ¥
5_
_J N
-5 [0 5)
_5_

7. a) Graph the function f{x) = ;&[ for each

valueof n, n = 1,2, 4, and &.

S &

|

The graph is shown in a window from —10 to 10 by
1’s on the horizontal axis and from —20 to 20 by 2’s
on the vertical axis.

The graph is shown in a window from —5 to 5 by
1’s on the horizontal axis and from —10 to 10 by
I’s on the vertical axis.
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The graph is shown in a window from —3 to 3 by
1’s on the horizontal axis and from —5to 5 by I's
on the vertical axis.

The graph is shown in a window from —1 to | by
1’s on the horizontal axis and from —3to 3 by I’s
on the vertical axis.

Use this information to discuss the differences
between the graphs. The equation has a general

. 1 .
vertical asymptote at x = ——. The function has a
n
. 8 .
general horizontal asymptote y = —. The vertical
H

asymptotes are —§, —5, —3, and — 1. The horizontal
asymptotes are 8, 4, 2, and 1. The function
contracts as n increases. The function is always

. . . L. 17
increasing. The function is positive on <~x, —A>
1

and (5> =) The function is negative on —%. &)
b) The horizontal and vertical asymptotes both
approach O as the value of n increases; the x- and
v-intercepts do not change nor do the positive
and negative characteristics or the increasing and
decreasing characteristics.

. 17
¢} The vertical asymptote becomes x = — and the
H

. 10 L
horizontal becomes x = ——. The function is always
H

increasing. The function is positive on (— =, 75) and

17 . . . ; 17

—. * |. The function is negative on { 5. 57 |- The

H
rest of the characteristics do not change.
8. f(x) will have a vertical asymptote at x = : g(x)
will have a vertical asymptote at x = —3. f(x) will
have a horizontal asymptote at x g(x) will
have & vertical asymptote at x =

2.
2L

il
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9. Substitute the values of ¢ to find the value of the
investment over a given period of time. The function

is 1(r) = 2

a)yl(2) = E—(—Z—)EQ = % =275

The investment will be worth $27 500 after 2 vears.
b)I(1) = E%ié =40

The investment will be worth $40 000 after 1 year.
¢) 1(0.5) = _ﬂ_“_w(o.g); 2 65

The investment will be worth $65 000 after 0.5 years.
d) No, the value of the investment at t = 0 should
be the original value invested.
e) The function is probably not accurate at very
small values of r because as ¢ — O from the right,
X - %,
f) The horizontal asymptote will indicate where the
value of the investment will settle over time. Divide
the leading terms to find the equation of the
horizontal asymptote.

t
The value of the investment will settle at around
$15 000.
10. Use a table to help you examine the concentration
of the chlorine in the pool over the 24-hour period.

t ot}

1 0.666 666 667
2 1

3 1.2

4 1.333 333333
8 1.6

12 1.714 285 714
i 1777777778
20 1.818 181 818
24 1.846 153 846

The concentration increases over the 24 hour period
and approaches approximately l.8§ mg/L.
11. Answers may vary. For example: The rational
functions will all have vertical asymptotes at

d . .
v = ——. They will all have horizontal asymptotes

.
b

a . . .
at v = -. They will intersect the y-axis at v = o
¢ ¢
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The rational functions will have an x-intercept at
X = —%.Youcanusea =1,b=72,c=3,and
d = 4 to illustrate this. The function is
ix +2
fo) = 3x +4
Vertical Asymptote:
0=3x+4

0-4=3x+4-4

-4 = 3x

-4 3x

33

-4  —d

EXRkrs
Horizontal Asymptote:
k1 a
YT T3 ¢
y-intercept:

o)y +2 2 b
T30 +4 4 4
x-intercept:

Ix+2
0:
3x +4
Ix+2
3x+4)X0=(3x+4) X
(3 ) (3 ) 3x + 4
=lx+2
0-2=1x+2-2
-2 = lx
-2 bx
1 i
-2 -b
=2
1 a

12. Answers may vary. For example: The function

2x?
fe) = 2+ x

Examine the graph below to see the oblique

asymptote.
4
50

25

will have an oblique asymptote.

VX

5-22

13. Use synthetic division to help you rewrite
23 = Tx*+ 8 -5
fx) = .
t12 -7 8 -5
V2 -5 3
2 -5 3 =2

3 2
fx) = 2x 7;c_+1 8x -5
=2x’— 5S¢+ 3 — 2
x =1
Asx —» too flx)— oo,
Ay
2 -
] t
1
8
4ﬂ

~$—h~é—{f_{& 8 1216
=
__]2_

%

The equation of the vertical asymptote would be

x = 1. When you find the equation of a horizontal
asymptote of a rational function f(x), you find a
constant value that the equation approaches as

x — 2. In this case, f(x) isn’t approaching a constant
value, but rather an equation or a parabola. For f(x),
the equation of the oblique asymptote would be

v = 2x* — Sx + 3, which is the quotient without the
remainder because the remainder is what keeps the
rational function from reaching the parabola. Graph
both equations to verify this.

T
254 ;
E\ !Z/ X
s 25 O 5 5
~254
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14. a) f(x) would have a horizontal asymptote
because the degree of the numerator is less than that
of the denominator.
b) g(x) and & (x) would have an oblique asymptote
because the degree of the numerator is greater than
that of the denominator.
¢) g(x) has no vertical asymptote because the
numerator has no real zero.
d) Use the horizontal and vertical asymptotes to
help you draw the graph. The denominator has
zeros at x = 2 and —2—these will be the vertical
asymptotes. Divide the leading coefficients to find
the horizontal asymptote of y = 1.

"y 3

5.0

e e g domn m d
I

Mid-Chapter Review, p. 277
1

1. The reciprocal of a function, f(x). is equal to oy

Vertical asymptotes can be found using the zeros

of f(x).

a)f(x) =x—3
11
flx)  x-=3

0=x—-3
0+3=x—-3+3
3=ux

The equation of the vertical asymptote is x = 3.
b)f(q) = —4q + 6

L |
fla)  —4g+6
0= —4g + 6
0—6=—4g9g+6—6
-6 = —4q
-6  —dq
-4 -4
3
o 1

The equation of the vertical asymptote is ¢ = 3.

Advanced Functions Solutions Manual

f(z)=2"+4z-5

1 1
f(z) 22+4z-5
0=27z2+4z -5
=(z+5)(z—-1)
=z 4+ 5
0—-5=z+5-5
~5=z
O0+1=2z~-1+1
=z

The equations of the vertical asymptotes are
z=—5and . '
d) f(d) =6d* +7d - 3
I 1
f(d) 6d* +7d -3
0=6d>+7d -3
0= (3d — 1)(2d + 3)

0=23d -1
0+1=3d~-1+1
1=23d
1 3d
33
1
;=4
0=2d+3
0-3=2d+3-3
-3 =2d
-3 2
22
3
S =d

2. a) The function is f(x) = 4x + 6. The function is
a straight line. The domain is {x € R} and the range
is {y e R}. Find the x-intercept to determine the
positive and negative intervals.

O0=4x+6
0—-6=4x+ 6-6
—6 = 4x

-6  4dx

4 4

3

~S=x

Choose a number on either side of —3 and substitute
them into the function to find the positive. The
function is negative on (—*, —3) and positive on
(—3. ). Because the function is linear, and

because the slope of the function is positive, the
function is always positive. Use this information to
graph the function and its reciprocal.
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b) The function is f(x) = x* — 4. The function
is a parabola. The coefficient of the first term is
positive and so the parabola points up. This means
that the domain is {x € R} and the range is
{yeR |y > —4}. Find the x-intercepts to help
you determine the positive and negative intervals.
0=x—4
0= (x+2){(x~-2)
0-2=x+2-2

-2 =x
O=x-2
0+2=x-2+2
2=x

The x-intercepts are 2 and —2. This means that the
vertex is at 0. The function is decreasing on
(—>,0) and increasing (0, =). That means that the
function is positive on (—2=, —2) and (2, «). The
function is negative on {—2, 2). Use this information
to help you graph the function and its reciprocal.

¢) The function is f(x) = x? + 6. The function is a
parabola. The coefficient of the first term is positive
and so the parabola points up. This means that the
range is {x e R} and the range is {yeR|y > 6}.
Because the range is {y e R| y > 6}, there are no
x-intercepts and the function will never be negative.
The vertex of the parabola will be (0, 6). This means

5-24

that the function will be decreasing on (~2, 0) and
increasing on (0, ). Use this information to help you
sketch the graph of f(x) = x* + 6 and its reciprocal.

4.

2.. ’
8-6-4-200 2 4 6 8
R ‘

d) The function is f(x) = —2x — 4. The function is
a straight line. The domain is {x € R} and the range
is {y € R}. Find the x-intercept to determine the
positive and negative intervals.

0=-2x—-4
0+4=-2x—-4+4
4=—-2%
4 -2
-2 -2
-2=x
The x-intercept is x = —2. Examine the slope of the

function. The slope is negative and therefore the
function is always decreasing. This means that the
function is positive on (—o, —2) and negative on
(—2, =). Use this information to help you graph the
function and the reciprocal.

N X

3. Answers may vary. For example: (1) Hole: Both
the numerator and the denominator contain a common
factor, resulting in  for a specific value of x.

(2) Vertical asymptote: A value of x causes the
denominator of a rational function to be 0.

(3) Horizontal asymptote: A horizontal asymptote
is created by the ratio between the numerator and
the denominator of a rational function as the
function approaches = and —. A continuous
rational function is created when the denominator
of the rational function has no zeros.

4. Vertical asymptotes can be found by finding the
zero of the denominator. An equation will have a
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horizontal asymptote if the degree of the expression
in the numerator is less than or equal to the degree
of the expression in the denominator. An equation
will have an oblique asymptote if the degree of the
numerator is | greater than the degree of the
denominator. A hole occurs when there is a common

linear factor in the numerator and denominator.
X

il

a) The function 1S y

x =2
O0=x-2
0+2=x-2+2
2=x

The equation of the vertical asymptote is x = 2.

. x— 1
b) The functionis y = 5‘}? In both the

numerator and the denominator, x — 1 is a factor.
This means that the function will have a straight
lineaty = $and a hole at x — 1.

. . . —«x
¢) The functionis y = PR
0=4x+72
0—-2=4x+2-2
-2 = 4x
2
——=
4
L
s =y
2
The equation of the vertical asymptote is x = —1. The

degrees of the numerator and denominator are equal.
This means that there is a horizontal asymptote.

- . . x4+ 2
d) The functionis y = e
0=x-6

0+6=x—-6+506
=X
The equation of the vertical asymptote is x = 6. The
degree of the expression in the numerator is | larger
than the expression in the denominator. This means
that the function will have an oblique asymptote.

!

e) The equation is y =

x4+ 2x — 15
0=x>+2x— 15
0= (x+5)(x—-3)
O0=x+3
0—5=x+5-5
-5 =x
0=ux-3
0+3=x—-3+3
I=x
The equations of the vertical asymptotes are
x = —5and x = 3. Since the numerator is a

constant, the horizontal asymptote will be x = (.
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3. The functions that had horizontal

as totes were ad o and
asym s Ty = Ly = ,
ymp Y x -2 Y 4x + 2

1 i
) = —————— Begin withy = —————.
L T Y k- 15

Because there is a constant in the numerator, the
horizontal asymptote for this equation will be x = 0.
For the other two equations, divide the first terms of
the expressions in the numerator and denominator to
find the equation of the horizontal asymptotes.

=7
YT T ]
6. a) The function is f(x) = - i o
Vertical Asymptote:
0=x—-6
0+6=x—-6+6
6= x

The horizontal asymptote will be y = 0 because the
numerator is a constant.
x-intercept:

5
wa—é
(x — 6) X 0 = —2—(x — 6)
x—6
0=5

The equation will not have an x-intercept.
y-intercept:

5 5

S 0-6 6

Because the numerator is a constant, the function
will be negative when the denominator is negative
and positive when the numerator is positive. x — 6
is negative on x < 6. f(x) is negative on (—=, 6)
and positive on {6. =). Use this information to
graph the function.
Y

6
4

¥

From the graph. it can be seen that the function is
always decreasing.
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3x
x + 4

b) The function is f{x) =
Vertical Asymptote:
=x+4
0~4=x+4-~4
—4=x
Horizontal Asymptote:

x-intercept:
3x
x+4

3x
+4) %X 0=
(x ) X0 x +4

X (x + 4)

0= 3x
0 3x
33
0=x
The x-intersect is x = (.
y-intercept:
3(0)
f(0) = 0) + 4
f(0) =0
Use a table to determine when the equation is
positive and negative.

< —4 -4 << | x>0
3x - - +
X+ 4 - + +
3x ) )
x+4 N N N

Use this information to help you graph the function.

From the graph it can be seen that the function is
always increasing.
Sx + 10

¢) The function is f(x) = 5 Both the

numerator and the denominator have a common factor,

x+ 2. f(x) = 3—(‘51:—72) = 5. The function is a
straight, horizontal line with a hole at x = —2. It

will always be positive and will never increase or
decrease. Use this information to graph the function.

5-26

d) The function is f(x) = 2’2’_21.
Vertical Asymptote:

0=2x-1
0+1=2x-1+1

1 =72
_ 2x
2

=X

DI | et DN

Horizontal Asymptote:

_x_1
YT T2
x-intercept:
x —2
O =
2x — 1
x =2
C T % (2 - 1)

e
27¢ — 1

LA

(2x~1)yx0=
0=x-2
0+2=x—-2+2
2=x
y-intercept:
5(0) + 10
f0) ==~

0y +2
f0)=>5
Use this information to help you graph the function.

il

The function is always increasing.

Chapter 5: Rational Functions, Egquations, and inequalities



7. Answers may vary. For example: Examine the
Ix + 6

function y =

X

The horizontal asymptote is y = 7 and the vertical

asymptote is x = (. Changing the function to
Tx + 6

*r-a‘—l

changes the graph.

'3
i
y, B
1
X
FEA AP 3468

£ 1

LA
The function now has a vertical asymptote at x = — 1

and still has a horizontal asymptote at y = 7.
However, the function is now constantly increasing
instead of decreasing. The new function still has an
x-intercept at x = —3, but now has a y-intercept at

y = 6. To explain why the new function is always
increasing instead of decreasing, examine the function

near their respective asymptotes.
Tx + 6
For

, when you have values of x that are less

than I, you have a number greater than | being
divided by a fraction—which leads to larger and
larger values of v as x gets closer to 0. But with

.
y = —:-fm you don’t have that. When 0 < x < 1,

you're dividing a number that is greater than | by
another number that is greater than 1—giving you
a fraction. When — 1 < x < (), then you have a
number that is greater than | being divided by
fraction. Additionally, when —1 < x < —9 the
fraction is negative and approaching » as .x gets

Advanced Functions Solutions Manual

closer to — 1. This is why the function is always
decreasing instead of increasing.

8. Vertical asymptotes can be found by finding the
zeros of the denominator of the rational function.
In this case, x = 6.

= 2~ n{6)
—2+0=-2+2-n(6)
-2 = —-n(6)
-2 _—n(6)
6 6
_1“.
3 = 42
1
T3

The x-intercept of a function occurs when y = 0.
In this case, the y-intercept will be (5, 0).

_7(5) —m
C 2 -n(5)
(2~n(5))><02%(—5—n)1><2~n(5)
0=35-m
O0+m=35—-m+m
m = 35

9. A graph that has a factor of (x + 2) in both the
numerator and denominator will have a domain of
{xeR|x # —2}. If the only other factor in the
denominator is a constant, there will also be no
vertical asymptote. Answers may vary. For example:

4x + 8
flo) ==
The graph of the function will be a horizontal line
aty = 4 withahone at x = —2.

5.4 Solving Rational Equatlons
pp. 285-287

1. Substitute both values into the equation. If both
sides are equal, then the two values are solutions.
The equation is

2 x-—1

3

2 x—1

X 3

2 3-1

3703

2 2

303

3 is a solution of the equation.
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x -1 x+ 3

— = =2x + 1
X 3 ) x—1 .
2 -2 -1 x + 3
— = - 1) x = (2x+ 1) X (x -
5 3 x—-1 1 (Zx+ 1) X (x=1)
2 _ -3 x+3=(2x+ D(x—-1)
-2 3 x+3=2%+x—-2x—1
-1 =-1 x+3=2>~-x-1
~2 is a solution of the equation. 0=2x"-2x—4
x+3 0=20x%~x-2)
2. a) x_1=0 0=((x"—x—-2)
x+3 0=(x-2)(x+1)
(x~1)><tm1=0><(x—1) O0=x+1lor0=x~-2
) -1=x 2=x
The solutions are x = —1 and 2.
b —— T et S
—-8 —6 =4 =27 2 468
2
._.4_.,
3 6
x+3 -
b) o2 ? 3x+2  Sx
) 3 6
x+3 =—
(x—l)XY_lz.ZX(x“*I) 3x + 2 5x¢
x+3=2x-2 6(3X+2)i3(5x)
x+3-3=2¢—2-3 18+ 12.= 15x
x=2¢—5§ 18x-18x+12:13x—18x
x—2x=2x—~-2x—15 12 = —3x
—x = =5 -3
x:S —3 _3
—4 = x
\. v*"é L
| T 71 T T X
“16-12-8 -4 N 4 8 1216 =
4 8
_8.. ‘ T
"—TZ—Y
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3. Move all expressions to one side, so that one side

of the equation is 0.
x -3
x+3~2“0
3x -1

X
x—1 x+1

x  x+3

x—2 x-4

x+3 x+5

x—3

4. a)

a)

5
b -2=0
) 2

¢)

d)

=72
x + 3

x —3

=2 X (x+
x +3 2x(x+3)
x—3=2x+6

-9 = x

$=-3 Y=g

3x—-1 5§
b 73
(3x — 1)2 = 5(x)
6x — 2 = 5x
x—2=0
x =2

(x +3) X

x — 1 x+ 1
c) =
X x+3
(x—Dx+3)y=x(x+1)
P+ —x—3=x+x
X2+ 2 —3=x"+x
2x =3 =1x

=3
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x—2 x—-4

d) x+3 x+5
(x=2)(x+5)=(x+3)(x—-4)
X +3x—-10=x*-x-12

dx = ~2
1
2
2ers
§=- 5 v=q
53)ng§:z
x 3 x
2 5 7
<”(;+§“;>
6+ 5x =21
5¢x =15
x:
10 10
b fahl
) x+3 3 6
10 10
3(x + + =
(x 3%x+3 3 )
30 + 10(x + 3) = 18(x + 3)
30 + 10x + 30 = 18 + 54
60 + 10x = 18x + 54
—8 = —6
L3
4
2 6
¢) -

1.._
x—3 x -3

2 6
(x—3)(x—¥3:l‘x—3>

2Zx=1(x—-3)-6
2e=(x—-3)-6

2x =x -9
x = —~9
d) 2 + L =3
x+1 x+1
(x+1)( 2 + ! :3)
x+1 x+1
24+ 1 =3x+3
3=3x+3
0= 3x
x =0

5-29



25
2x+1 4-x
2(4 — x) = 5(2x + 1)
8—-2x=10x+5

e)

8—5—-2x=1x+5-5
3 —2x = 10x
3—2x + 2x = 10x + 2x
3= 12x
3 1%
2 12
}-_
4—~x
5 4
b x—-2 x+3

5(x +3) =4(x - 2)
Sx+15=4x -8
Sx +15—15=4x — 8 — 15
Sx +15 — 15 = 4x — 8 — 15

Sx = 4x - 23
Sx —4x = 4dx — 4x — 23
x = =23
2x 5
6. =
a) 2x+1 4-—x

2x(4 —x)y=502x + 1)
8x — 2x? =10x + 5
8y — 2>+ 2x* =2+ 10x + 5
8 =2x*+ 10x + 5
8x — 8x =2x*+ 10x — 8x + §
0=2"+2x+5
Examine the equation. Notice that it will not have
any real zeros. Therefore, the function will have no
real solutions.
3 4
b X - x+1 2

3 4
x{(x + 1); + x(x + I)T1 =x(x +1)2
; x

34+ Tx =22 + 2x
3-3+Tx~Tx=2x"+2x—T¢ -3

=2x*—5x -3
Use the quadratic formula to solve the guadratic
equation.
x=3andx = —05
2x ¥ — 5x

© 5 sk

2x X 5x = 5(x* = 5x)

10x® = 5x* — 25x

10x? — 5x* = 5x* — 5x% — 25x
Sx? + 25x = —25x + 25x
Sx2+25%x =0
5-30

Sx(x +5)y=0
Sx =10 or x+5=90
x+5-5=0-5
x =0 x = =5
/;i) x + = 0
s X~ 2

u—mx+u—2§%5=u—zm

XX =2x+x=90

X3 x=0
x(x 1) =0
x=0orx#1=0
x4 1=0
x+1-1=0+1
x =71
Ay b 24
D T3 B
1

(x + 2¥(x +3) + (x+ 2)(x + 3)x—2_§~3-

x + 2
=13(x + 2)(x + 3)
x +3+24(x +2) =13(x* + 5x + 6)
25x + S5'= 13x* + 65x + 78
25x — 25x + 51— 51= 13x> + 65x — 25x + 78 — 5|
0 = 13x* + 65x — 25x + 78 — 5}
0 = 13x* + 40x + B2
Examine the quadratic equation. There are no real
zeros and than e original equation has
no real solutidns. / iy

IoE

f —2 _x—8 A LR
: x-1 x+1 R
2+ DH=&x-8& - 1)
~2x—2=x>-9x + 8

0=x*—7x+ 10

0= (x~5)(x~2)
O0=x-SSor0=x~-12
x=35 x =72
7. Move all terms to one side of the equation so that
one side of the equation is 0. Graph the expression
on the other side and use the zero function of the

calculator to colve

a) =

7=Q
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b)
/ et
240 K
H=i29gy3rs =g
7 x = —0.62,1.62
/ g Tl _x+3
_..,-"f = 'a)x-2—x~4
e / Multiply both sides of the equation by the LCD,
2325?501-‘:5-;1 =g (x -~ 2)(x - 4).
x+1 x+3
x = 1.30,7.70 (x=2)(x—4) =(x—2){(x—4)
0 x =2 x—4
\ (x = 4)(x + 1) = (x = 2)(x + 3)
S Simplify.
- 2 =3%x—4=x>+x—6
:\. Simplify the equation so that O is on one side of the
et yz4 equation.
=10 2= xt=3x~x—-4+6=x'—-x+x—x
d) - 6+6
—4x +2=0
T -2{2x = 1)=90
Since the product is equal to 0 one of the factors
Zero i must be equal to 0. It must be 2x — 1 because 2 is a
dEriiisie o constant.
2x—1=20
) 2x-1+1=0+1
ey : 2x =1
x _1
et e v 2 2
1
x = 3.25,20.75 x=3
e) | {
- "x,. b) Substitute x = Y verify the solution.
S \.\‘ I U L3
-“' .. %“2_ an %~4”
égtg.u?zssﬂs Y=-3 UE-4y i i (x+1) (c+3)
¢) Graph the equation - — 22 and
¥ = ~171,271 ) Graph the equation . —5) = v —4)
ﬂ determine the zeros to verify the solution.
. x“‘x i
S~ 5
v ' be fars ‘.' }
W2z FiP3EER dY¥=0 Ei:‘cl’su ven
f) Tl 9. Multiply both sides by the LCD, w(15 — w)
I’ i!(l (15 (15) (15 )( W )
»y W — W —_ = iy 5 —w p—
;‘er-o T (15 — w)(15) = u°
bs-sigesyl o 225 — 15w = 15>
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225 — 225 — 15w + 15w = w? — 15w — 225
0=w>— 15w — 225
w? — 15w — 225 =0
Use the quadratic equation to help you solve the
quadratic formula.
w=927land w = —24.27
Since a width has to be positive, w = 9.271.

19. Machine A has a rate of % boxes/minute.

Machine B has a rate of boxes/minute.

s+ 10
A
= 15. Solve this

. . o1
Their combined rate 1s — +
s s+ 10

equation for s.
1 1 1

+ =
s s+10 15

1 1 1
15s(s + 10)(; + 110 = B)

15(s + 10) + 15s = s(s + 10)
30s + 150 = 5% + 10s
30s — 30s 4+ 150 — 150 = s* + 10s — 30s — 150
0 =s?—20s — 150
Use the quadratic formula to help you solve the
quadratic equation.
5 =258
Machine A takes 25.8 and Machine B takes 35.8
minutes.
11. The price per comic in the box that Tayla

300

purchase is —, where s is the number of comics in

R
the box. She gave 15 away, and so the number of
comics in the box becomes s — 15. The price per
comic in the box when she resold the box on the
330
s — 15
on each comic, which is the sale price per comic
minus the original purchase price per comic. Solve

Internet then is Tayla made a profit of $1.50

330 300
the equation — —— = 1.50 to find the
s— 15 s
original number of comics.
330 300
—~ — — = [.50
s~ 15 )
330 300
(s — 15 — - = 1.50
s(s )<s 5 s )

3305 — 300(s — 15) = 1.5s(s — 15)
330s — 300s + 4500 = 1.5s° ~ 22.5s
30s + 4500 = 1.5s° — 22.5s
30s — 30s + 4500 — 4500 = 1.55> — 30s
— 22.55 — 4500
0 = 1.5 — 52.55s — 4500
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The roots are 75.00 and —40. Since you can’t have
a negative number of comics; the correct answer
would be 75. The original price per comic would be

W = $4. The resale price per comic would be

F = $5.50.

12. a) Substitute 6 into the formula for ¢(r) and
solve for 1.

1
6=9-90 OOO<10 000 + 3z>

1
6 —9~—9*9—9OOOO(—-—10000+3[)

_ + — P,
3(10 000 + 3¢) 90000(10 oo 3t>

(10 000 + 37)
~30000 — 97 = —90 000
~30000 + 30 000 — 9¢ = —90 000 + 30 000

—9r = —60 000
-9  —60000
-9 -9
t = 6666.67
After 6666.67 seconds the concentration will be

6 kg/m>.
b) Graph the function to help you understand the
function’s behaviour over time.

K3
10-
8_4
6
4_

2 :

X

1 210 410® 6l0° sios
A 4

The function appears to approach 9 kg/m? as time
increases. i
13. a) Tom can fill - of an order in 1 minute. Paco
k)
1

c“?and“—ﬁq+ .

and Carl’s rates are similar:

Working together Tom and Paco can fill an
order in about | minute and 20 seconds, or about

. 1 1 i
1.33 minutes. Solve —— + - = H© find how
5§ — 2 N D3
long it takes each person to fill an order.
1 1
e

s—2 s 1.33
1

(s> 1 1<s—2> 1
—_— +_ T= e
s)s =2  s\s—2 1.33
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s i s—2 1
(s)(s —2)  (s)(s—2) 133
2s — 2 1
(s)(s —2) 133
133(2s —2) =5 — 2s
0 =35 —4.66 +2.66
Use the quadratic formula to solve this equation.
The roots of the function are s = 3.994 or 0.66.
Because Paco can fill the order in 2 minutes less
than Tom, and because you can’t have a negative
amount of time, Tom’s time must be 3.994, or about
4 minutes. So, Paco can fill the order in about 2
minutes and Carl can fill the order in about 5.
b) Add their rates together to determine how long it
would take them to fill the order working together.

Lol g
5 4 2
1
— = 1.05
0.95

Working together they can fill the order in about
1.05 minutes.
14. Answers may vary. For example: You can use
either algebra or graphing technology to solve a
rational equation. With algebra, solving the equation
takes more time, but you get an exact answer. With
graphing technology, you can solve the equation
quickly, but you do not always get an exact answer.
¥ -6y + 3 2 = 3x
15. = = —5—
—=2¢x -3 x+3c+3
Turn this into an equation that you can graph to find
the solutions.
Yt —6x +5
YT e =37
Graph the equation.

y

The solutions are approximately x = —3.80. — L.42.
0.90. and 4.33.

16. a) The graphs will have the same position when
their equations are equal. Set the two equations
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equal to each other and then solve for r. Graph the
equation to help you.
7t 5

=t+
S|

r

t t+2
5

t+ i
y = T T T
’ t+2 r+1

Graph the equation.

b

N

b
O\_
oo

Examine the graph. The zeros are x = {(.438 and
1.712.
b) Object A is closer to the origin than

. 7t 5
object B when —— <t + —— or when
-+ 1 r+ 2
0<rt+ 5 7t Examine the graph and
— — ———_ Examir aph an
t+2 o+ graph ar

find when the function is positive to solve the
inequality. The graph shows that the inequality is
true on {0, 0.438) and (1.712, =).

5.5 Solving Rational Inequalities,
pp. 295-297

1. Use the graph given to help you solve the
inequalities.

12—1/;’
84 by =4x-1
4 ‘

y=4 |
-12-8 —Z:f?‘ 4 8 1F
j x+5
B0 Eaires
~124
X+ 35
a) < 4
r =1 .
Examine the graph. To determine when LIy

A
determine when the green curve is below the blue
line. This 1s true on the intervals (=, 1) and (3. =).
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x +5

bydx — 1>
x—1

Examine the graph. To determine when

x + 5
x—1

4x — 1 >

, determine when the red line is

above the green curve. This is true on the intervals

(—0.5,1) and (2, »).
2. a) Solve the inequality for x.

6x

x+3
6x B x+3<0
x+3 x+3
6x — 4x — 12
_ L=
x+3
2x — 12
R
x+3
2(x—6)<0
x+3

—4=0

0

L

b) et

“4-3-2-1 01 2
¢) The solution is (—3, 6].
X +2> E

X

x+2—1—5~>0
X

-2-'——£>0
b X

2 x — 15

x+2x -1 -0
X

(x+5)‘(x—3)>0

X

[ 3

3 4 5

3.a)

2
X
=+
X

b)

-5<x<0

0<x<3

x>3

X+5 - +

+

+

x -3 - -

+

x —_ —

+

{x + 5}x —3)
X

- +

+

the equation 1S negative on x < —>and U < x < 3

and positive on —5 < x < 0 and x >

3.

¢) The solution to the equation is {xe Rjx > -5}

This can also be written as (—35, =).

1
4. > 2
2) x+5

1

x + 5

-2>0
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1 ~2<x+5
x+5 x+5

1 —2x—10
+

>>0

— >0
x+5 x + 5
~2x -9
— )
x+5
X <=5 —HL T ~45 ] x> =45
~2x—9 + + -
x+5 - + +
=2x'=9 _ =
X +5 +

The inequality is true on —5 < x < —4.5.

TAY
T
3_
;2-‘
1
X
b
1 1
b <
) 2+ 10 x+ 3
1 _ 1
x+5 x+3
4+ 3 5
(.\ . \ 1 B i /x+?><0
x+3/x+5 x+3\x+3
x+3 ~2x — 10
— <0
(x+5)x+3) (x+3)x+5)
-x—7
<0
(x +5)(x +3)
X< -7 | -T<x< -5} ~-5<x<~3 {x>~-3
-x -7 + - - -
x+5 - - + +
X+3 - - - +
-x—7
+ - + -

{x + S}x + 3)

The inequality is true on —7 <x < —Sand x > —3.
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<x+4\ 72 /):-3)20

Yy
8_
6~
4_
2..
X
4 6
c) 3 <i
gx—i X
x-*Z“;<0
) 3 4/x — 2
<¥>x~2";<_x'~2><()
3x ~4dx + 8 0
v(x —2) x(x—2)
—x + 8§ 0
v(x — 2)
x <0 0<x<2 2<x<8 | x>8
-x+8 + + + -
X - + + +
x-2 - - + +
-x+ 8 + _ . _
x(x — 2}

The inequality is true on 0 < x < 2 and x > 8.

y
. | X
T30 1553
_4-
_‘6_
_..8w
_..]O_
d 7 2
) =
x—3 x+4
7 2
e =0
r—3 x+4
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x+4/x—3 X+4\X‘*3
Tx + 28 -2+ 6
=0
(x+H(x—=3) (x+4)(x—3)
X< 68| -68<x<-4| -4<x<3 | x>3
5x 434 = + + +
X+ 4 - - + +
x -3 - - - +
S5x + 34 B B N
(x + 8){x = 3) B ’
Sx + 34
(x + 4){(x - 3)
The inequality is true on —6.8 = x < —4 and
x> 3.
y
8_
;6,.
4..
2_
-8 —6 — 2 4 6 8X
-6 1
e) .) > -
x + 1 ¢
-6 1 i
- —>1{
x +1 X
x\ —6 I/x +1
(Bt
_\‘/,\' +1 x\x+1
—6x -x =~ 1
> ()
(v + 1)  x(x+1)
—T7x — 1 ;
— — > {}
v(x + 1)
x < -1 —1<x<—;- —;»<x<0 x>0
—Tx -1 + -
B M -
x+ 1 - -
-7x-1 _
x{x + 1} B

5-35




. . 1
The inequality is true on x < —1 and —;<x<0. ts=3 |3t igtca ) 14

2 y t— 4 - - -
t+3 - + +
t—1 - - + +
(t —4)(t +3) _ . _ .
t—-1

The inequality is trueonr < =3 or 1 <t < 4.

L+r—6

b ———=

) t—4 0

(z+3)(z—2)20

{ t—4
-5 3 t<-3|-3<t<2{2<t<4| t>4
f) <
x—4 x+1 t+3 - + + +
-5 3 _

- <0 t—-2 - - + +

x—4 x+1

<x+l\ -5 3 /x—4><0 (-4 B - - *

x+1)x—4 x+1\x—4 lexdie=2) | + - +
—-5x — 5 =3¢ + 12 0
(x + 1)(x — 4) + (x + )(x — 4) < The inequality is true on —3 =¢=<2and¢ > 4.
—8y 61> — 5t + 1 ‘
8x +7 <0 C) >
(x + 1)(x — 4) 2+ 1
(Br—12r - 1)
7 | 7 >0
x<=1| -t<x<g | o<x<4 |x>4 2t —1
— . " The function is true on — 3 <x <4andx >}
—8x Z _
x-4 - - - + 1] 1 1] 1 1 1
- t< — ——<t<'§ §<t<5 t>-£
x - - + +
3t - 1 - - + +
—8x + 7 . _ B
(x + D{x - 4) v - 2t -1 - - — +
) 7 26+ 1 - + + +
The inequality is true on —1 < x <gandx<4. Gt-n@i-n| . B .
vV 2t + 1
| 30
6 d -1 <=
) St

-4} >
S5t — 5t — 30
- <
5t 0
4 cin
5( — 1 6)<O
_ f2~r-l,2<0 St )
3. s —
a) C=3)+2)
F—1—12  (1—4)(+3) f
t—1 t—1
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<=2 -2<t<0] 0<tE<3 t>3

t-3 - - - +
t+2 - + +

t - - + +

(t—3)t(t+2) _ + _ :

The inequality is true fort < —2and 0 <1 <3.
-2t — 10

t
2t — 10
/—*-[*——I~S>O

2 —10 [(E> B 5({) -
t t t

-2t — 10 — 2 = 5¢

>+ 5

e)

< ~1=1<t<0.25{025 <E<2|2<t<9{t>9

E41 - + + + 4T

“t42 + + + - -

4t -1 - - + + +

t—~9 - - - - +
{(~t+ 2}t + 1)

ATEPRARET Y + — + —
(4t — 1)t - 9)

>0
t
—t2 =Tt — 10
B
t
4+ 7+ 10
—_— < ()
t
t+ 5+ 2
((+50+2)
t
t< —5 - <t -2 | -2<t<O t>0
t+s - + + +
t+2 - - + +
¢ — - - +
(t+5)t(z+2) = " _ 4

The inequality is true ont < —Sand =2 <t < 0.

—t 2
=
41 -1 -9

I 2 =0
4 -1 -9

<r—9> -t 2 [4r~l>>0
(—9)4r -1 r-9\dr—1/"
-8t + 2 =0
(4r — 1)(r - 9)
P+ 2
(4¢ = Dt —9)
(—0+2)(+ 1)
(4 = 1)t — 9)

)

—r7+ 9
+
(40— 1)(1 ~ 9)

=0
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The inequality is true on —1 = r < 0.25 and
2=1<9.

6. Graph each expression to determine when the
inequality 1s true.

x +3 X 1

a =
)x~4 x+6
y
8_
6~
rd 4
4 N
2_
-8-6-4,T VN2 4 6 8 X
_4_
76
_8._
b

The two graphs intersect at (— 1. —0.4). The

asymptotes are at x = 4 and x = —6. The graph of
X+ 3. x =1
y = ~is above y = onx < —6andon
’ x— 4 ’ x+ 6
-1 <x <4
byx +5 < ——
) 2v + 6

Graph each expression to determine when the
inequality is true.

y
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Notice that the graph of y = x + 5 is above the

X

graphof y = P after the vertical asymptote.
X :
The vertical asymptote occurs at x = —3. The
solution is x > 3.
X 1
c) =

x+4 x+1
Graph each expression to determine when the
inequality is true.

,Jy

The graphs intersect at (—2, —1) and (2, %) The

X

graphof y = N 1s below the other graph on
(—4,2)and (—-1.2).

X 1
4=

x+9 x+1
Graph each expression to determine when the
inequality is true.

AV

12-

16+

E_

6_

4..

24 p
P O\"ﬁ ey
~12-10-8 -6 —giz_ 2 4

i

H

{, i

The graphs intersect at (—3, —0.5) and (3, 0.25).

Because the inequality is = | the intervals that
make the inequality true will include
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the points of intersection. The graph of y = 5
X

is above or intersecting with the other graph on
(=, =9),[-3, —1), and [3, =).

x— 8

e} >3 —x

Graph each expression to determine when the
inequality is true.

The two graphs intersect at (—2,5) and (4, —1).

x — 8

The graph of y =
(—2,0) and (4, »).
x*— 16
— =
(x —1)2
Graph the expression and determine when the graph
is above the x-axis.

is above the other graph on

) 0

y

8

6+

4

2
T T T
2/4 6 8 X

The graph intersects the x-axis at (—4, 0)

and (4,0). The graph of y = (\\ : :?

above the x-axis on (—, —4) and (4, =).

is
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x—-8 x—4
7'3) 226-’1>x+1
3x—-8 x-—4
— >0
2x—1 x+1

(x+1\3x-—8 x—4[2x—1>
— >0
x+1/2c—1 x+1\2x—1
3Ix2 -8 +3x—8 2uxP—-x-8x+4

GiDz-1) T Grn@x-1n 0
S5x% — 14x — 4 <0

(x+1DH(2x - 1)
(x = 3.065)(x +02614)

(x +1D(2x — 1)

b)

X< =1 -1 <x<-0.2614

-0.2614 <x <05

0.5 < x < 3.065 |x > 3.065

x — 3.065 - - - - +
x + 0.2614 - - + + +
X+ 1 - + + + +
e~ 1 - - - + +

(x — 3.065){x + 0.2614)
(x+1{2x - 1)

The inequality is true on
x < —1,-0.2614 <x < (0.5, and x > 3.065.
b) € O 2 % i
-2 -l 0 i 2 3 4
Interval notation: ‘
(==, —1), (—0.2614,0.5), (3.065, =)
Set notation:
{xeR|x < —1,-0.2614 < x < 0.5, orx > 3.065}

~ 6t -30
. < —
Sa) t— 2 t— 2
— 61 —30
- <0
t—2 t-2
-6t + 30
0
t—2
—6{(t — 5)
< 0
t—2
t<2 2<t<s t>5
t-5 - - +
-6 — - _
t-2 - + +
=6(t + 5) ; . -
t-2 )

The inequality is trueont < 2 and r < 5.
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¢) It would be difficult to find a situation that could be
represented by these rational expressions because very
few positive values of x yield a positive value of y.

9. The equation that gives the bacteria count over
L L 5t

time for the tap water is f(1) = T The
equation that gives the bacteria count for the pond

. . 151 .
water over time is g(¢) = e To see if the

bacteria count in the tap water will ever exceed
that of the pond water, set up the inequality

5t 151 . . .
; ——_Solve this inequality graphically.
F+3+2 49 _ = ‘
. 5t 13¢
Graph the expression v = - ~ and

C+3+2 2 +9
determine when it is greater than 0 to find the

solution to the ineguality.

ft)

64
4G+
204

T

/Tt
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Notice that the only values that make the expression
greater than 0 are negative. Because the values of

t have to be positive, the bacteria count in the tap
water will never be greater than that of the

pond water.

10. 2) 0.5¢ — 2 < >
2x
5
05x-2 — — <0
X 2x
2x 2x 5
— 05— — ]2 -—<
(h)OS t <2x> o =Y
X —4x -5
e |
2x
- 5)(x +
(x = 5)¥(x 1)<o
2x
b) x < -1 -1<x<g d<x<s x>3
Xx~5 - - - +
X+ 1 - + + +
2x - - + +
(x — 5¥x + 1} = N . N
T .

The inequality is true forx < —tand 0 < x < 5.
11. The profit would be the revenue minus

the cost, R{x) — C(x) = P(x). This is

P(x) = —x* + 10x — (4x + 5). Simplify.

P(x) = —x* 4+ 10x — (4x + 5)

—x? + 6x — 3

xP—6x +5

i

I

= (x - 1)(x —5)
Divide this by x to get the average profit.
AP(x) = L Dle =)

X
Substitute the factors of this equation into a table to
- D -5)

determine when AP(x) > ( -

x <@ 0<x<t T<x<51] x>5§

{x — 5} - - - +

(x+ 1) - - + +

X - + + +
X~ 1{x~5

b em5) | R - .

From the table. it can be determined that the
average profit per snowboard is positive between
0 <x < 1andx > 5 Because you can’t have a
partial number of snowboards, the inequality is
true on x > 3.

12. a) The first inequality can be manipulated
algebraically to produce the second inequality.

5-40

x+ 1 x+ 3
b) You could graph the equation y =
) grap 9 ¥ xr—1 x + 2

and determine when it is negative.

¢) The values that make the factors of the second
inequality zero are — 5, —2, and 1. Determine the
sign of each factor in the intervals corresponding to
the zeros. Determine when the entire expression is
negative by examining the signs of the factors.

13. You can graph the inequality to help you
determine when the inequality is true.

Notice that the function is greater than 1 on {2, 4)
and (4, =).
1
" sin (x)
1
w40
You can graph this inequality and then determine
when the graph is negative,

Y

<4,0° =x = 360°

4_

X
§KE2[71\‘
2

©
SIS
3,.

The graph is negative on 14.48 < x < 165.52 and
o - - &
180°< x < 360.

15. 55 5
X

0° <x <90°

Examine the inequality. You want the numerator to
be greater than half of the denominator.

cos {x) > 0.5x

x = ( would be the asymptote in this case, but values
greater than zero could satisty the inequality.

cos (1) > 0.5

Chapter 5: Rational Functions, Equations, and Inequalities



0.999 > 0.5

cos (x) becomes less than 0.5x after about 2.
cos(2) < 1

0.99 <1

So the inequality 1strueon 0 < x < 2.

5.6 Rates of Change in Rationa
Functions, pp. 30
1.a)

- X +2

—toq] T xT

Use the graph to determine f(2) and f(7).
f2)y =4
f(7y =15
154
YT
=-0.5
b) y=-3x+10

104"

T N H
o 9 10

=104

:x+2
Y x — 1

The slope of the tangent line is —3.

2. Use the difference quotient to help you estimate
the average rate of change at v = 2. Use £ = 0.01
fla+h) = f(a)

h

_f2) ~ f201)

N 0.01

397 -4

©0.01

~
-

The answers that I received match.

3. Use graphing technology to graph the function.
Have the calculator draw a line tangent to point

x = 2. Find the slope of that line.

The slope is —3, so the instantaneous rate of change
aty = 21is —3.
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st

=2 3
L= -2 GOO003%+ 10 GO0G0R

!

4. Use the difference quotient to determine the

X
instantaneous rate of change of f(x) = [ at

(2, —1). The difference quotient is
(a + h) — f(a)

flx) = h

f2.o1) =

2

2.01

01 -4

f(2.01) = ~1.01
Difference Quotient:
_ —101 - (-1)
- 0.01

=1

5. Use the difference quotient to determine the
instantaneous rate of change for each function.

The difference quotient is f(x) =

Use 0.01 for h.

a)y = 55 X..x =13
A3 =513
1
T2

£(13.01) = = !
25 — 13.01
o
T 11999

Difference Quotient:

{

_ 1199

0.001
0.01

i

12

175 + 3
+ 6

by =—

X

N

X =

17(=3) +3

(=57 +6
~2.645

17(~4.99) + 3
(—4.99) + 6

-81.83
30.9001
—2.648

.You can use i = 0.01.

fla + h) — fla)

h
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Difference Quotient: 10
_fla+h) - fla) 7
1) h = ~1.429
—2.648 — (—2.645) —5(2.01)
= 201) =
0.01 201 2(2.01) + 3
_0.003 = —1.432
001 Difference Quotient:
- 03 _fla+h) - fla)
_x+3 4 fle) = h
Y=t 1432 - (—1.429)
4+3 - 0.01
&) == = 286.1
=35 The vertical asymptote would occur at x = —1.5.
401 +3 x—6
= b = = -7
f(401) = o W) = 5%
= 3.487 H(=7) = (-7)—6
Difference Quotient: (=7)+5
_fla+h) — fla) 13
flx) = B =
3487 - 35 = 6.5
001 (=7.01) - 6
-701) = ———FF—
_ 0013 f(=70D) (=701) +5
-~ 001 _ —13.01
) =3 +5x+6 3 = 6.4726
x + 6 T Difference Quotient:
o =3(=3)Y 4+ 5(-3)+6 _fla+h) - fla)
=3 = =5 % () .
=6 64726 — 6.5
—~3(=3.01) + 5(—3.01) + 6 001
-3.01) =
f( 2 ) (_301) +6 = —274
Difference Quotient: The vertical asymptote would occur at x = —35,
_fla+h) - fla) -6
f(x) p Of(x) = S ox =2
6.06 — 6 2(-2)* - 6(—2)
- 280 f-2 = 2
0.01 3(=2)+5
_ 006 = 20
T 001 _2(=-2.01)" — 6(-2.01)
=6 J=20) ==
6. Use the difference quotient to determine the = —19.5535
instantaneous rate of change for each function. The  Difference Quotient:
difference quotient is f(x) = M-%;f(—a) Use flx) = fla + h})z — fa)
0.01 for h. The po'int where there is no tangent line ~19.5535 — (~20)
would be any vertical asymptotes. = 001
) fx) = — X =9 = 44.65
2x +(-’) The vertical asymptote would occur at x = —3.
-5(2
2 ==
f2) 2(2) + 3
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d) f(x) = S
x—6
5
fl4) = @ =
= —25
401) = >
fa.0h) = (4.01) — 6
= —2.5126

Difference Quotient:

f(x) = fla + h) — fla)

*2.5126 — (—=2.5)
0.01
=—-1.26
The vertical asymptote occurs at x = 6.
7. The function that models the concentration of the
27t
10000 + 37

pollutant in the water is ¢{t) = where

the units of ¢ is minutes.
a) There are sixty minutes in | hour so find ¢(60).
27(60)
¢(89) = 75600 + 3(60)
1620
10 180
0.1591
27(60.01)
10 000 + 3(60.01)
1620.27
10 180.03
= 0.1592
Difference Quotient:
£(x) = fla + /1/2 fla)
_0.1592 - 0.1591
N 0.01
= (.01
b) There are 10 080 minutes in one week. So
determine ¢ (10 080). (
s 27(10 080)
c(10.080) = 15600 + 3(10 080)
272 160

40 240
6.76
27(10080.01)
10 000 + 3(10 080.01)
272 160.27
4024003
= 6.7634

I

¢(60.01) =

i

(10 080.01) =

Advanced Functions Solutions Manual

Difference Quotient:

1oy = fat h) - f(a)

~ 6.7634 ~ 676

0.01
= 0.34

8. a) The demand function is p{x) =

15
207 + 1lx + 5
This function tells you the price of the cakes for
every 1000 cakes. The revenue function would be
the number of cakes sold, x, times the price of the

15
cakes for that number of cakes sold —;
2v7 + 1lx +

15x
27+ Ulx + 5
b) Use the difference quotient to determine the
marginal revenue for x = 0.75 and x = 2.00.

<

So the revenue function is p(x) =

15x
flx) = 267+ 1lx + 5
< 15(0.75)
0.7
HO-13) = 5675y + 11(075) + 5
1125
14375
= 07826
. 15(0.751)
0.751) = ,
HOT) = 56351 + 11(0.751) + 5
11265
14.389
= 0.7829

Difference Quotient:
X fla + h) — fla)
o = e
1
~0.7829 - 0.7826
0.001

=03
The marginal revenue at x = 0.75 15 0.3.
Now find the marginal revenue for x = 2.00.

%(7((‘))
f(2.00) = 2(2.00)° + 11(2.00) + 5
— j(
35
= 0.8571
201 = 15201
f20h = 202,017 + 11(2.01) + 5
- z(m
351902
= ome(x
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Difference Quotient:

a+ h)— fla)
oy - HOERL A
_ 0.8568 — 0.8571

0.01

= ~0.03
The marginal revenue at x = 2.00 would be —0.03.
9. a) Since x is measured in thousands, find C(3).

The function is C{x) = 5#_2_0
_ x*—dx +2
Clyy = 4+ 20
X
(3> — 4(3) + 20
C@3) =
(3)
= 5.67

The average cost per T-shirt is $5.67.

b) Determine C(3.01) and use this value in the

difference quotient to help you estimate the

average rate of change of the average price of a

T-shirt when the factory is producing 3000 of them.
2 2

C(3.01) = (3.01)° — 4(3.01) + 20

(3.01)
= 5.65

Difference Quotient:
) (a + h) — fla
feay = H ) = ft0)
'l
5.65 — 5.67
0.01
= -2
10. The function is N(1) =
100(6)°
N(6) = ———ts
2N =10+ ()
21600
316
= 68.35
100(6.01)°
NGO = s
(6.01) 100 + (6.01)°
_ 21708.18
31708
= 68.46
Difference Quotient:
(a + h) — fla)
fo Az
_ 68.46 — 68.35

0.01
= +11

10063
100 + ¢
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100(12)°
100 + (12)°
172 800

1828
94.53

100(12.01)°
100 + (12.01)°
173 232.36

1832.32

= 94,54

Difference Quotient:

I

b) N(12)

il

N(12.01) =

fx) = fla + h})l — fla)
94.54 — 94.53
B 0.01

The number of houses that were built increases
slowly at first, but rises rapidly between the third
and sixth months. During the last six months, the
rate at which the houses were built decreases.

11. Examine the interval 14 < x = 15. Find the rate
of change over the interval.

15-2 13
15) = LI
) =551~
4-2 12
) = =5 =13
13 - 1.33 )
—“*—15_14 = —{.03

The slope over the interval 14 =< ¢ = 15 s

m = —0.03, which is approximately 0. Now find

the instantaneous rate of change at 14.5.
145-2 125

5) = =222 o3
JA43) = 4575 = g5 — 1310
1451 -2 1251
14.51) = = = 1315
FA4SY) = 1051775 = o8t
1315~ 1316 _
1451 — 145 ‘

The instantaneous rate of change at the point 14.5 is
—0.01, which is approximately 0. The rate of
change over the interval and at the specific point is
about 0.

Chapter 5: Rational Functions, Equations, and Inequalities



12. aj [ would find s(0) and s(6) and would then
s(6) — s(0)

6—0
b) The average rate of change over this interval
gives the object’s speed.
¢} To find the instantaneous rate of change ata
specific point, you could find the slope of the line
that is tangent to the function s(¢) at the specific
point. You could also find the average rate of
change on either side of the point for smaller and
smaller intervals until it stabilizes to a constant. It is
generally easier to find the instantaneous rate using
a graph, but the second method is more accurate.
d) The instantaneous rate of change for a specific
time, ¢, is the acceleration of the object at this time.

13. Use your graphing calculator to graph the
4x

o+ 1

solve

equation f(x) =

D S

Find x = —\/3 on the graph and use the calculator
to find the line tangent to the graph at this point.

Hz-iF3zati -
0= 4G50 He -2 CARGP

The equation of the line tangent to the function at

(—V3. =V3)isy = —0.5¢ — 2.598.

W=i.73nsol
- HARAGIRFC N 2 CARGPL

The equation of the line tangent to the function at
(V3. V3)is y = —0.5¢ + 2.398.

g
]

0 ]

o ne

l
$, BORQGEOQUaGnYE+n

Advanced Functions Solutions Manual

The‘equation of the line tangent to the function at
(0,0) is y = 4x.

14. Examine the graph of the function. Use your
calculator to zoom into points around-the origin.
The graph appears to be a straight line at this poiat,
and so the instantaneous rates of change at (0, 0)
will likely be pretty close to the instantaneous rate
of change at (0, 0), which is 4.

Because the graph is almost a straight line at (0, 0)
the rate of change is neither increasing nor
decreasing; it will remain constant. Therefore the
rate of change at this rate of change will be 0.

Chapter Review, pp. 308-309

1. a) The function is f{x) = 3x + 2. The function
will be a straight line and so the domain and range
will be all real numbers—{xe R} and {y e R}.
x-intercept:
0=3x+2

-2 =3x

-2

3

3x
3

ﬁgzx

y-intercept:
y=30)+2

=2
The slope of the equation is positive and so the
function will always be increasing. Additionally,
this means that the function will be negative on
(ux, —%) and positive on (-3 f) Use this
information to help you graph the function.

Y
_ 1
2)/ 3x+2
P - X
a3 i &'

b) The function is f(x) = 2x* + 7x — 4. The
function is a quadratic and so the domain will be
{re R}. The coefficient of the first term is positive
and so the graph will be pointed up. The function
factors to f(x) = (2x — 1)(x + 4). Therefore, the
x-intercepts wouldbe 0 = 2y — land 0 = x + 4, or
x = 0. and —4.
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Use the x-intercepts-and direction that the graph is
facing to determine the positive and negative
intervals. The graph will be positive on (—%, —4)
and (0.5, o). The graph will be negative on
(~4,0.5). You can also use the x-intercepts to
determine the range. The range corresponds to the
vertex of the function and the vertex can be found
halfway in between the two x-intercepts.

SR ) B

0.

vertex ———
This is the x-value of the vertex. Now you can
substitute — 1.75 into the function to find the graphs
minimum and its subsequent range.
f(—=1.75) = 2(—=175)* + 7(—=1.75) — 4

= —10.125
The range of the function would be
{yeR]y = —10.125}.
Because you know the vertex and the direction the
graph 1s pointed, you can also find the increasing/
decreasing intervals. The graph will be decreasing
on(—x ~1(HQS) and increasing on { — 1{)\}:\25 ),
Use this information to help you graph the function.

_ 1
y=

W+ Tx -4
4.‘
2,
X
R T T 4! >
- _2_2_ 2
_4_

¢) The function is f(x) = 2x* + 2. The function is a
quadratic function. Therefore, the domain will be
{x e R}. The graph will be facing upward because
the coefficient of the first term is positive. Because
there are no real solutions to 0 = 2x* + 2, the graph
will have no x-intercepts. The y-intercept is
y = 2(0)* + 2 = 2. This means that the domain

Il be {\’ eRly > 2} The function will be

Anneanoinea ~n { _—rr N\ anAd innvonoing Aan (0 ~n\
uvvlv\i.}lbw H Ty VU dii uabivdoiiig Vi (U, g

Because the function has no x-intercepts and
because the graph is facing up, the function will
never be negative. Use this information to help you
graph the reciprocal of the function.
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2. Examine each graph. Glean any information
from these graphs that might help you to graph
their function’s reciprocals.

a) The function is linear. The domain and range
are all real numbers. Itis always decreasing.

The x-intercept is x = 2.5. The y-intercept is y = 5.
The function is positive on (—%, 2.5) and negative
on (2.5, o). The graph of the reciprocal function
would be:

Y

b) The function is a quadratic equation, which
means that the domain of the function is {x e R}.
The x-intercepts of the function are x = —3 and

x = 4. The function is

f(x) = (x +3)(x — 4) = x> — x — 12. The
y-intercept of the function is (0, —12). The vertex
can be found by finding the half-way point between
the x-intercepts.

~3+4
=05
2
fLU3) = ((U.3) + 3)((0.5) — 4)
= (3.5)(—3.5)
= —12.25

The vertex is (0.5, —12.25). This means that the
range of the function is {y e Rly > —12.25}. The
function is decreasing on (—<c, —12.25) and
increasing on (—12.25, =). Use this information
to graph the reciprocal of the function.
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3. a) The functionis y = . ! To find the vertical

+17
asymptotes, find the zeros of the expression in the

denominator.

0=x+17
0~-17=x+17 - 17
-17=x

Because the numerator of the rational function is a
constant the horizontal asymptote would be y = 0.
2x

5¢x + 3
asymptotes, find the zeros of the expression in the

denominator.

b) The functionisy = To find the vertical

0=5¢«+73
0-3=5x+3-3
-3 = 5x
o3

5 35

3

—Z =

3

Divide the leading coefficients of the numerator and
denominator to find the equation of the horizontal
asymptote.
2x
v =71
Sx

2
5

3x + 33 - '
m To find the
vertical asymptotes, find the zeros of the expression
in the denominator.
0= —4c - 42c + 22
You can use the quadratic formula to help you
factor the equation.
0= (x+ 11)(x~0.5)
—lland x = 0.5
Notice that {(x + [1)-is a factor in both the
numerator and the denominator. This means that
there will be a hole at x = —11. Because the degree

¢) The function is y =

X =
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of the expression in the denominator is 2 and the
degree of the expression in the numerator is 1, the
horizontal asymptote will be y = 0.

d) The functionis y = 3 2. To find the vertical

x —1

asymptotes, find the zeros of the expression in the
denominator.

0 = x — 1, so there is a vertical asymptote at x = 1.
The numerator does not factor, so no common factors
from the numerator and denominator will cancel.
Because the degree of the expression in the
numerator is 2 and the degree of the expression in
the denominator is 1, there will be an oblique
asymptote. Divide the numerator by the denominator;
the non-remainder part is the equation of the oblique
asymptote: y = 3x + 3.

4. The function that models the population of the
75x
¥+ 3+ 2
function using a graphing calculator and then use the

graph to describe the locust population over time.
rY
247

locusts is f(x) = You can graph the

The locust population increased during the first
1.75 years, to reach a maximum of 1 248 000. The
population gradually decreased until the end of the
50 years, when the population was 128 000.

S.a) flx) =

x+35
x-intercept:
2
0=
x+5
< 2
(x +5)0 = - S(x +5)
0 =2

The function does not intercept the x-axis. This
means that the horizontal asymptote of the function
will be vy = 0.
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y-intercept:

2
O =553
2
s
The function has a vertical asymptote at x = —3.

This means that the domain of the function will be

{x eR|x # —5}. The function will be negative for
x < —5and positive for x > —35.

This function is never increasing and is decreasing
on (—o, —5) and (=5, =).

D = {xeRlx # —5}

negative for x < —5;

positive for x > —35

dx — 8
b) flx) = ——
X - 4
Notice that the function factors to f(x) = 4_(%‘___122)_)

This means that there will be a hole at x = 2 and
that the graph of the function will be the horizontal
line y = 4. The function is positive everywhere
except x = 2. There is no x-intercept, and the
y-intercept is 4. Use this information to help you
graph the function.
Ny

16

|

g
i

N 4
(=}
N
g

~16

The function is not increasing or decreasing.
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x.=6 .
. ce th
=18 Notice that

x 6 1
3{x — 6) T3
This means that the graph will have a hole at x = 6
and will be a horizontal line at y = }. The function

is positive everywhere except x = 6. There is no

¢) The function is f(x) =

the function factors to f(x) =

x-intercept, and the y-intercept is §.

08y

—-0.4

- 084

The function is not increasing or decreasing.

d) The function is f(x) = 2:1 o To find the

function’s vertical asymptote, find the zero(s) of the
expression in the denominator.
0=2x+1

-1 =2
—-05=1x
The function will have a vertical asymptote at
x = —0.5. This means that the domain will be
{xeR|x # —0.5}.
x-intercept:

4x
0=+
dx
+1)0 = +
(2x + 1)0 et 1(2,\7 1)
0= 4x
0=x

The graph will intersect the x-axis at 0.
y-tntercept:

40 _
200y +1
The y-intercept will also be 0.
Divide the first terms of the expressions in the
numerator and the denominator to find the equation
of the horizontal asymptote.

4x

':—:2
y 2x

Chapter 5: Rational Functions, Equations, and tnequalities



Use the following table to determine when the
function is positive and negative.

The function is positive on x < —0.5 and x > 0.
The function is negative on —0.5 < x < Q.

Use this information to help you graph the function.

AANY
30+

The function is never decreasing and is increasing
on {(—=,—0.5) and (—0.5, =).
6. Answers may vary. For example, consider the

- . 1 .
function f(x) = — You know that the vertical
X -

asymptote would be x = 6. If you were to find

the value of the function very close to x = 6 (say
f(5.99) or f(6.01)) you would be able to determine
the behaviour of the function on either side of the
asymptote.

£(5.99) = = — 100

(5.99) — 6

To the left of the vertical asymptote the function
moves towards — . To the right of the asymptote
the function moves towards .

7. Make sure to use your graphing calculator to
verity each solution.

X< 0.5 0.5 <x <0 x>0
4x - - + et
H=g =i
W+ 1 - + + c 2
b) 15x +7 = =
4x + _ +
2x + 1

X
x(le + 7 = z)
X

132+ T7x =2
Bx?+7x—2=0
You can use the quadratic formula to help you solve
this quadratic equation. The roots of the function
are x = 0.2 and x = —3.

'{";’ '\..&__h—.
h

Fy
v
.

.'}ka"a
Intersection
W= - GERGERT IY¥=-2

) 10y
a x + 2 B
X — 6
{(x + 2)T:‘_:7.__ =y + 2)
x—6=40
X =6
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ﬁ;“
;f —
T
“‘l -"I
Intersection
=z 41 yzig
2x -2
C f—
) x—12 x4+ 3
2¢(x + 3) = =2(x — 12)
26 4+ 6x = —2¢ + 24
22+ 8 — 24 =0
2(x* +4x - 12) =0
2x +6)(x —2) =0
x= —borx =2
!
w
o
Il'(tb'.‘f'i"cd’.i’if!
H=6 il Y= GREGEEST
|
{
I
&
= = —r,
;
Infersection
PEr L y=-y
v+ 3 ox — |
dy — =
—4dx —4
—4{x + 3} = —dx(x — 1)
—dy — 12 = —dy° + 4y
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0= —4x?+ 8 + 12

0=—4(x*-2x—3)
0= —4(x + )(x - 3)
x=—landx =3

Tl

Intersection
Hz-1

Inkersection /P
H=2

Y-

Y=z

8. Janet and Nick’s rate would be % and

1_ 5 Working together

Rodriguez’s rate would be
Frt

. 2 i . .
their rate would be — + , which is equal
m m— 35

-t

1
0 13,

2 1 1
— + T i
m m-5 323

2 1 1
3.23m(m 5)<m * m-5 3.23)
323(m — 5)(2) +323m = m(m — 5)
6.46m — 32.3 + 3.23m = m? — 5m
0 =m?—14.69m + 323
Use the quadratic formula to determine the roots of
this quadratic equation.
m = 12 and 2.69
The possible answers are 12 minutes and
2.69 minutes. But because Janet’s time has to be
greater than 5 minutes, the answer must be
12 minutes. It takes Janet about 12 minutes to
wash the car.
9. The function that represents the concentration of

50x
toxi ical is ¢(x) = 54—
a toxic chemical is ¢(x) PR
To determine when the concentration is 6.16 g/L
S0x
solve the ation 6.16 = ——.
M equation X"+ 3x + 6
50x
6.16 = —F7—
x"+3x+6
50x

6.16(x* + 3x + 6) = NI 6(x2 + 3x + 6)

6.16x* + 18.48x + 36.96 = 50x
6.16x? — 31.52x + 36.96 = 0

5-50

Use the quadratic formula to solve this equation. (
x = 3.297 and 1.82 ,
The concentration of the chemical will be 6.16 g/L
at 1.82 and 3.297 days.
1
10. ~x +5<
a) * x+ 3
—x+5-——<
x+35 3 0
x+3 x+3 1
—x) + - <
(x+3>( x) (x+3>5 x+3 0
-x*—-3x Sx+15 1
— <0
x+3 x+3 x+3
—x*+2x + 14
e e |
x+3
(x + 2.873)(x — 4.873) 7
0
x+3 =
X< ~31-3<x< 28732873 <x <4873 x>4873
Xx + 2.873 - - + +
x ~ 2.873 - - - +
X#3 - + + +
(x + 2.873)(x — 4.873) _ : _ .
x+3

The inequality is true on ¥»<—3-and~ o
—2873 < x<ABIBm D o2 b T

Y

55
x+16
55
x + 16

55 +<x+16> -0
x+16 \x+16/)

x? + 16x + 55
x+ 16
(x +5)(x + 11)
x + 16

b)

> —x

+x >0

>0

>0
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X< =16 | —16 <x < —11 11 <x< -5 x> =5 RS I I R ~ DR )’

+5 - - - +
- ; 5_.
x 411 - -
X+ 16 - + + ]
(x +5)(x + 11) B . B . 51 x
X +16 \ Seeny 7 i T o >
~5-4-3-2-12 1 2 3
. Y ' . —104
o 15-
04 S
0- L
0_
: :{ X 1
T T T T ‘D ‘( ‘ T T ‘ d) << —
F80-60-40-20 01 20 40 60 80 6x— 9 x
vo! < 1_g
—60 ' 6x — 9 X
CEENER
xX/6x —9 X \6x —9
5 x° L= 6x + 9 -0
X =
c) > (x)(6x — 9y  (x)(6x—9)
3x+4 x+1 )
x ~6x+9
2x X T =0
- - >0 (x)(6x — 9)
3x+4 x+1 (x ~ 3)(x — 3)
(x+l> ¢ x 3x+4>0 J')(6 9‘ <0
x+1/3x+ 4 x+13x +4 (x)(ox )
2% + 2x 3 3x% + 4x -0 X<0|0=x=15|15sx=<3| x=3
(x+ 1)03Bx +4) (x+1)(3x+4) X -3 —~ - - ¥
- - zx > O x -3 - - - +
(x +1)3x +4) X - ¥ - +
(x + 1)(Bx + 4) -3-3 _ _ R .
(x}{(6x - 9) " ‘ N
X< =2 -2 <x< =133} ~1.33 << -1 |-1<x<0|{x>0 ) . .
The inequality istrue on 0 < x < 1.5, ~/- 7
—x + + + + - Soh T
x+2 - + + + +
x +1 - - - + +
3Ix+4 - - + + +
—x{x + 2)
_________ ) - N - . -
<+ 1)(3x + 4) X
The inequality is true on —2 < x < —1.33 and -12 —O.,jzo_ 040842 1620
-l <x <.
...4_.
_.6_.
.._8-
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11. The function that models-the biologist’s prediction
of the population of the tadpoles in the pond is

f(r) = :St—l. The actual population is modelled by
451 451 40
800 = g 7 Graeh g and o

determine where g(t) > f(t).

Y

g(r) appears to be greater than f(¢) on

-67 <x<—10land —0.73 <x <O0.

12. The slope of the line tangent to the graph for the
given point is equal to the instantaneous rate of
change at that point. Use the difference quotient to
determine the instantaneous rate of change. The
point where a vertical asymptote occurs is the point
where no tangent line could be drawn.

a)rTi,\*4
L |
4+ 3
4) =
@) =
=17
401+ 3
401) = —
A ) 401 -3
= 6.94

Difference Quotient:

fla+ h)y ~ fla)

flx) = 25
I
694 -7
0.01
. —0.06
0.01
= -6
The vertical asymptote occurs at x = 3.
2x — 1
R v T
: 2(1)y -1
f) = 5"
(1y +3(1) +2
= 0.167
5-52

- 2(1.01) —~ 1

fLOL) = (L.01)* + 3(1.01) + 2
= {.169

Difference Quotient:

oy - far 1) = 1@
0169 - 0.167
o0t
~0.002
© 001
= 0.2
The vertical asymptotes occur at x = ~2 and x = — 1.

13. a) To find the average rate of change during
the first two hours of the drug’s ingestion, find ¢(2)
and ¢(0).

__3(2)
‘@D =Gri7
10
= — = (091
11 0
- >(0)
‘O =p7
=0
Average Rate of Change:
091 -0
50 0.455 mg/L/h

b) Use the difference quotient to help you determine
the drug’s instantaneous rate of change at ¢t = 3.

5(3) ,
3y = ——=—— = (1.9375
‘= Gpyy
. 5(3.0D)
cGO) =307 17
_15.05
16.0601
= (.9371
Difference Quotient:
a+ h)— fla)
fioy = a1 =K
_ 09371 — 0.9375
0.0t
_ —0.004
© 001
= —0.04 mg/L/h

n

¢
o+ 7

¢) Graph the function ¢{r) =

Chapter 5: Rational Functions, Equations, and Inequalities



The concentration of the drug in the blood stream
appears to be increasing most rapidly during the first
hour and a half; the graph is steep and increasing
during this time.

14. The slope of the tangent line is going to be

4 - 10

= —2. This means that the equation of the

8§ -5
line would be y = —2x + 20. You are looking for
the point of intersection between the two functions,

2x

and so you need to solve —2x + 20 =

Yy 2
s —2x 20 = o
U e

(—2x +20)(x — 4)

~ 2 + 8y + 20x — 8= 2x Iz }
-2 + 26x /80 =0 .o
x-—1 v
e
(x — 5)(x /8):0

The two points of intersection would be x = 5 and
x = 8. The pojiit with the line parallel to the secant
line would }te half-way in between these two
points, x = 6.5.

15. a) As the x-coordinate approaches the vertical
asymptote of a rational function, the line tangent to
the graph will get closer and closer to being a vertical
line. This means that the slope of the line tangent

to the graph will get larger and larger, approaching
positive or negative infinity depending on the
function, as x gets closer to the vertical asymptote.

b) As the x-coordinate grows larger and larger in
either direction, the line tangent to the graph will get
closer and closer to being a horizontal line. This
means that the slope of the line tangent to the graph
will always approach zero as x gets larger and larger.

Chapter Self-Test, p. 310

I. a) The graph indicates that there is a vertical

asymptote at v = (.5 and a horizontal asymptote at

v = 0. This matches equation B.

b) The graph indicates that there is a vertical

asymptote at x = | and a horizontal asymptote at
= 5. This matches equation A,

2.a) It f(n) is very large. then that would make

If f(r) 1s very small (Iess than 1), then that

|
would make oy VY large.
14
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¢) If f(n) = 0, then that would make ;(—3

undefined at that point because you cannot divide
by 0.

d) If f(#n) is positive, then that would make b
f(n)

also positive because you are dividing two positive

numbers.

3. The horizontal asymptote of the function can be

found by finding the zeros of the expression in the

denominator.

0=x-2

2=x

The horizontal asymptotes of the function can be

found by dividing the first two terms of the

expressions in the numerator and denominator.

x-intercept:

2v+ 6
0= x—2
0=2x+6
-6 = 2x
-3 =x
y-intercept:
S 20) 6
YT 022
= -3

Use a table to determine when the graph is positive
and negative.

x< ~3 ~3<x<2 x> 2
2x + 6 - + +
x -2 - - +
2x + 6 N _ .
X~ 2

Because the expression in the denominator is always
increasing. this function will always be decreasing.
Use all of this information to sketch the graph.

i o e e o o g ] e o
pg
O
00 -

5-53



4, The average cost for a kilogram of steel before

. 2249.52
it has been processed would be I

The company has made $2 profit on each pound of
steel. So the price of steel after it has been processed
2249.52

would be + 2. The mass of the steel has lost

X
25 kilograms. The value of the steel would be the
amount left multiplied by the current price.

49.52
(22 35 + 2)(x ~25) = 10 838.52
(2249.52 + 2x)(x — 25) = 10 838.52x
2249.52x — 56 238 + 2x2 — S0x = 10 838.52x
2x? — 8639x — 56238 = 0

x = 4326
The original weight was 4326 kg. The original
cost would be $0.52/kg.
5. a) Algebraic
-x -3
x—1 x+7
=x{x + 7)== -3(x ~ 1)
—x?—T7x=-3x+3
—x'—4x -3 =0
X +d4x+3=90
x+DHx+3)=90
x=—landx = =3
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2 3x
>
b) x+5 x4+ 10
2 3x

- >
x+5 x+10 0

<x+10\ 2.

3x (x+5>
- >
x+10/x+5 x+10\x+5

2x + 20 B 3t + 15x -0
(x +10)(x +5) (x+ 10)(x +5)
~3x* = 13x + 20
>0

(x +10)(x +35)
(x +55)(x —12)

>0
(x +10)(x +5)
X< =10]~10 <x< =55/ ~55<x< -§5{-5<x<12|x>12

{x'+55) - - + +

(x=12) - - - -

{x + 10} b + + +

(X+5) - - — + +
{x + 55}x — 1.2} _ -
xeixes 2% T + *

The inequality is true on x < —10, —5.5 < x < =5,

and x > 1.2.

6. a) To find the vertical asymptotes of the function,
find the zeros of the expression in the denominator.

To find the equation of the horizontal asymptotes,
divide the first two terms of the expressions in the
numerator and denominator.

b) This type of function will have a hole when both

the numerator and the denominator share the same
factor (x + a).
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